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ABSTRACT
The p u r p o s e  o f  t h e  i n v e s t i g a t i o n  was t o  e x a m i n e  t h e  m a x i m a l  
o x y g e n  c o n s u m p t i o n  (V02 m a x ) ,  maximal  a n a e r o b i c  power (AP max) ,  
body c o m p o s i t i o n  (BC),  s o m a t o t y p e  ( S T ) ,  t h e  P r o f i l e  o f  Mood S t a t e s  
(POMS) a n d  t h e  S t a t e - T r a i t  A n x i e t y  (STAI) c h a r a c t e r i s t i c s  o f  t h e  
K u w a i t i  World  Cup S o c c e r  Team.
V02 max w as  d e t e r m i n e d  u s i n g  a  p r o g r e s s i v e  c y c l e  e r g o m e t e r  
p r o t o c o l -  w i t h  d a t a  o b t a i n e d  b y  s t a n d a r d  s e m i - o p e n  c i r c u i t  
s p i r o m e t r y .  AP max was c a l c u l a t e d  by u s i n g  t h e  h i g h e s t  v a l u e  o f  
t h r e e  v e r t i c a l  jumps a p p l i e d  t o  t h e  Lewis  f o r m u l a :  (V-H. 9 x  w e ig h t
x V5"j . BC w a s  e s t i m a t e d  b y  s k i n f o l d s  a n d  ST w a s  b y  t h e  
H e a t h - C a r t e r  m e th o d .  T r a n s l a t e d  v e r s i o n s  o f  POMS a n d  STAI w e r e  
u s e d .
The K u w a i t i  t e a m  e x h i b i t e d  m o d e r a t e l y  h i g h  a e r o b i c  ( 5 1 . 9  
m l /k g - m in - 1 ) and a n a e r o b i c  ( 1 1 9 . 6  k g - m / s e c )  p o w e r ,  b o t h  v a l u e s  
b e i n g  s i g n i f i c a n t l y  h i g h e r  t h a n  c o l l e g e  n o r m s ,  b u t  i n  t h e  
m i d - r a n g e s  f o r  w o r l d - c l a s s  a t h l e t e s  i n  g e n e r a l .  R e l a t i v e  b o d y  
f a t n e s s  ( 8 . 9 ? )  and a  b a l a n c e d  mesomorphic  s o m a t o t y p e  ( 2 . 1 - 4 . 5 - 2 . 1 )  
were  c o m p a r a b l e  t o  t h o s e  o f  a t h l e t e s  i n  o t h e r  h i g h - l e v e l  t e a m  
s p o r t s .  The W o r l d  Cup s o c c e r  p l a y e r s  r e v e a l e d  a s i g n i f i c a n t l y  
h i g h e r  v a l u e  i n  t h e  a n g e r  f a c t o r  w h e n  e v a l u a t e d  b y  POMS, 
c o n t r a s t e d  t o  o t h e r  f i n d i n g s  on  b o t h  e l i t e  a t h l e t e s  and c o l l e g e  
n o r m s .  T h i s  f a c t o r  was  d e t e r m i n e d  t o  b e  n o r m a l  o n  f o l l o w - u p
i x
t e s t i n g  18 m o n t h s  a f t e r  t h e  World Cup Games. F i n a l l y ,  t h e y  a l s o  
showed h i g h e r  s t a t e  and t r a i t  a n x i e t y  t h a n  t h e  c o l l e g e  n o r m s  a n d  
when compared t o  o t h e r  a t h l e t e s .
A n a l y s i s  by p l a y i n g  p o s i t i o n  r e v e a l e d  t h e  g o a l k e e p e r s  t o  have  
h i g h e r  AP max, p e r  c e n t  f a t ,  mesomorphy,  and b o t h  s t a t e  a n d  t r a i t  
a n x i e t y  l e v e l s ,  a l o n g  w i t h  l o w e r  V02 max, compared t o  p l a y e r s  o f  
o t h e r  p o s i t i o n s .  M i d f i e l d e r s  had  t h e  h i g h e s t  V02 max and were  t h e  
l e a n e s t .  O f f e n s i v e s  e x h i b i t e d  t h e  l o w e s t  t e n s i o n ,  d e p r e s s i o n ,  
a n g e r ,  c o n f u s i o n ,  an d  t r a i t  a n x i e t y  l e v e l s .  T he  d e f e n s i v e s  
p r i m a r y  d i f f e r e n t i a t i n g  c h a r a c t e r i s t i c s  was  a  h i g h  AP max,  
c o m p a r a b l e  t o  t h a t  o f  t h e  g o a l k e e p e r s .  T h e  s t a r t e r s  w e r e  
s i g n i f i c a n t l y  o l d e r ,  l e s s  f a t ,  and were  h i g h e r  i n  b o t h  s t a t e  and 
t r a i t  a n x i e t y  t h a n  t h e  s u b s t i t u t e s .
The s t r u c t u r a l  a n d  f u n c t i o n a l  m e a s u r e s  t a k e n  f o r  t h i s  s t u d y  
a p p e a r e d  t o  i n d i c a t e  t h a t  t h e  K u w a i t i  t e a m  h a d  a p p r o p r i a t e  
p o t e n t i a l  f o r  W o r l d  Cup c o m p e t i t i o n .  E x c e s s i v e l y  h i g h  s t a t e  and 
t r a i t  a n x i e t y ,  a n d  a n g e r  i n d i c a t e s  t h a t  m o r e  p s y c h o l o g i c a l  
p r e p a r a t i o n  was n e e d e d .
X
CHAPTER 1
INTRODUCTION
The i m p o r t a n c e  o f  s p o r t s  t o  s o c i e t y  was e m p h as i z ed  by P i e r c e ,  
S t i l l n e r ,  & P o p k in  (1 982 )  who s t a t e d  t h a t :
S p o r t s  can  h e l p  u n d e r s t a n d  how a s o c i e t y  
d e f i n e s  i t s e l f  a n d  r e g u l a t e s  v i o l e n c e .  Games 
may be  a n  e s s e n t i a l  ' h u m a n - s p e c i f i c '  n e e d  
w h i c h  p r o v i d e  e n t e r t a i n m e n t ,  r e t a i n  s u r v i v a l  
s k i l l s ,  a m e l i o r a t e  e x i s t e n t i a l  a n x i e t y  a n d  
p r o m o t e  r e l i g i o u s  a n d / o r  s e c u l a r  s o c i a l i z a t i o n  
( p .  1 1 ) .
They  f u r t h e r  e l a b o r a t e d  on t h e  w i l l i n g n e s s  and t h e  i n s i s t e n c e  o f  
hum ans  t o  d e p l o y  e n o r m o u s  r e s o u r c e s  o f  m a t e r i a l  a n d  t i m e  t o  
m a i n t a i n  c o m p e t i t i o n s  among t h e m s e l v e s ,  a s  w e l l  a s  w i t h  o t h e r  
s p e c i e s .
C o a c h e s ,  a t h l e t e s  an d  e x e r c i s e  s c i e n t i s t s  h a v e  s p e c i a l  
i n t e r e s t s  i n  e x a m in in g  o r  d e s c r i b i n g  t h o s e  c h a r a c t e r i s t i c s  w h i c h  
c o n t r i b u t e  t o  s u c c e s s f u l  s p o r t  p e r f o r m a n c e .  N u m e r o u s  
i n v e s t i g a t o r s  have s t u d i e d  a t h l e t e s  i n  a v a r i e t y  o f  s p o r t s .  The 
e f f e c t s  o f  h e r e d i t y  a n d  e n v i r o n m e n t  have b e e n  ex am in ed ,  a s  have 
i n d i v i d u a l  d i f f e r e n c e s  i n  f u n c t i o n ,  p h y s i q u e ,  an d  p s y c h o l o g i c a l  
p a r a m e t e r s .
T h e  g r e a t e s t  a m o u n t  o f  d a t a  r e g a r d i n g  p h y s i o l o g i c a l  
a t t r i b u t e s  o f  c h a m p i o n  a t h l e t e s  a p p e a r s  t o  b e  o n  e n d u r a n c e  
r u n n e r s ,  w h e r e a s  o n l y  a s m a l l  amount  o f  l i t e r a t u r e  i s  a v a i l a b l e
1
2d e a l i n g  w i t h  s o c c e r  ( a s s o c i a t i o n  f o o t b a l l ) .  T h i s  m i g h t  s tem from 
t h e  s t r o n g  f o c u s  o f  e x e r c i s e  p h y s i o l o g i s t s  o n  c a r d i o v a s c u l a r  a n d  
m e t a b o l i c  f u n c t i o n  an d  t h e  r e l a t i v e l y  minor  r o l e  t h a t  s o c c e r  has  
p l a y e d  i n  t h e  U n i t e d  S t a t e s .
T h e r e  h a v e  b e e n  numerous  a t t e m p t s  t o  i n v e s t i g a t e  t h e  f a c t o r s  
t h a t  a r e  i m p o r t a n t  f o r  s o c c e r  p e r f o r m a n c e .  H o w e v e r ,  m o s t  o f  t h e  
r e s e a r c h  h a s  b e e n  f o c u s e d  on t h e  f u n d a m e n t a l  s k i l l s ,  t e c h n i q u e s ,  
t a c t i c s ,  and a c c u r a c y  o f  k i c k i n g .  T h e r e f o r e ,  t h e r e  a p p e a r s  t o  be  
a  n e e d  t o  d r a w  a t t e n t i o n  t o  t h e  p h y s i c a l ,  p h y s i o l o g i c a l ,  an d  
p s y c h o l o g i c a l  d e t e r m i n a n t s  o f  s u c c e s s f u l  s o c c e r  p e r f o r m a n c e .
The p o p u l a r i t y  o f  t h e  game o f  s o c c e r  i s  e x e m p l i f i e d  by t h e  
number o f  p a r t i c i p a n t s  and by t h e  a t t r a c t i v e n e s s  o f  t h e  s p o r t  t o  
s p e c t a t o r s .  A c c o r d i n g  t o  i n f o r m a t i o n  i n  t h e  E n c y c l o p a e d i a  
B r i t a n i c a  ( 1 9 7 8 ) :
The F e d e r a t i o n  I n t e r n a t i o n a l  de F o o t b a l l  
A s s o c i a t i o n  (FIFA) h a s  m o re  m em b er s  t h a n  t h e  
U n i t e d  N a t i o n s .  I t 3  membership  was b r o u g h t  t o  
135 a t  1970 c o n g r e s s ,  compared w i t h  126 i n  t h e  
UN. I t  i s  e s t i m a t e d  t h a t  6 0 0 , 0 0 0 , 0 0 0  t o  
1 , 0 0 0 , 0 0 0 , 0 0 0  p e o p l e  f o l l o w e d  t h e  1970  W o r ld  
Cup i n  M e x i c o  b y  t e l e v i s i o n  and r a d i o .  These  
f a c t s  a r e  s t r i k i n g  e v i d e n c e  o f  t h e  t r e m e n d o u s  
p o p u l a r i t y  o f  t h e  g a m e ,  b o t h  a s  a 
p a r t i c i p a t i n g  s p o r t  a n d  a n  e n t e r t a i n m e n t  ( p .
2 1 0 ).
N e a r l y  20 b i l l i o n  s p e c t a t o r s  v i e w e d  t h e  1978 World Cup f o r  t h e  
whole  t o u r n a m e n t  ( M i l l e r ,  1 9 7 8 ) ,  a n d  m ore  t h a n  2 b i l l i o n  f a n s  
w a t c h e d  t h e  f i n a l  game ( a b o u t  h a l f  t h e  p o p u l a t i o n  o f  t h e  w o r ld
3s h a r e d  o n e  e v e n t ) ,  a r e c o r d  t h a t  h o l d s  up t o  d a t e  ( L e v e r ,  1 9 8 3 ) .  
The 1982  S o c c e r  World Cup was t h e  f i r s t  t o  be  b r o a d c a s t  by  n e t w o r k  
t e l e v i s i o n  i n  t h e  U n i t e d  S t a t e s ,  a n  i n d i c a t i o n  o f  i t s  g ro w i n g  
p o p u l a r i t y  and p a r t i c i p a t i o n  i n  t h i s  c o u n t r y .
A s s o c i a t i o n  f o o t b a l l  i s  o n e  o f  t h e  p r e - e m i n e n t  s p o r t s  on a 
w o r l d - w i d e  b a s i s  and m e r i t s  m o re  t h a n  p a s s i n g  a t t e n t i o n .  T h i s  
s t u d y  was  a n  a t t e m p t  t o  i n v e s t i g a t e  s e l e c t e d  p h y s i o l o g i c a l  and 
p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  K u w a i t i  N a t i o n a l  S o c c e r  Team 
w hich  p a r t i c i p a t e d  i n  t h e  1982  World Cup C h am pionsh ip .
The l i t e r a t u r e  r e v i e w e d  f o r  t h e  p r e s e n t  s t u d y  w as  d i v i d e d  
i n t o  f o u r  g e n e r a l  c a t e g o r i e s :
1 .  L i t e r a t u r e  r e l a t e d  t o  maximal  oxyg en  c o n s u m p t io n  (max imal  
a e r o b i c  power)  and p e r f o r m a n c e ;
2 .  L i t e r a t u r e  r e l a t e d  t o  a n a e r o b i c  power and p e r f o r m a n c e ;
3 . L i t e r a t u r e  r e l a t e d  t o  body c o m p o s i t i o n  and s o m a t o t y p e  and 
t h e i r  r e l a t i o n  t o  p e r f o r m a n c e ;
4 .  L i t e r a t u r e  r e l a t e d  t o  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  and 
h i g h  l e v e l  p e r f o r m a n c e .
Maximal  Oxygen Consumpt ion (V.02 max).
I n  g e n e r a l ,  t h e r e  i s  a  p a u c i t y  o f  r e s e a r c h  l i t e r a t u r e  
c o n c e r n i n g  t h e  c h a r a c t e r i s t i c s  o f  s o c c e r  a t h l e t e s ,  e s p e c i a l l y  t h a t  
r e l a t e d  t o  w o r l d  c l a s s  p l a y e r s .  C a r d i o v a s c u l a r - r e s p i r a t o r y  
en d u r a n c e  i s  v i t a l  f o r  a  s o c c e r  p l a y e r  t o  p e r f o r m  s k i l l s  t o  t h e
4b e s t  o f  h i s  a b i l i t y  t h r o u g h o u t  an  e n t i r e  m a t c h ,  t o  b e  l e s s  
s u s c e p t i b l e  t o  i n j u r y ,  t o  e n s u r e  c o n f i d e n c e  i n  h i m s e l f ,  a n d  t o  
s u s t a i n  a  h i g h e r  i n t e n s i t y  o f  p l a y  f o r  l o n g e r  p e r i o d s  (Van W ie r en ,  
1 9 7 8 ) .  P e r f o r m a n c e  i n  a t h l e t i c  c o m p e t i t i o n  h a s  b e e n  m e a s u r e d  
e i t h e r  o b j e c t i v e l y  ( t i m e  o r  d i s t a n c e ) ,  o r  by s u b j e c t i v e  judgm en t  
( a s  i n  g y m n a s t i c s  and f i g u r e  s k a t i n g ) .  To e v a l u a t e  q u a n t i t a t i v e l y  
t h e  i n f l u e n c e  o f  v a r i o u s  f a c t o r s  su ch  a s  t r a i n i n g  and e n v i r o n m e n t  
upon p e r fo r m a n c e  i n  d i f f e r e n t  s p o r t s ,  an d  t o  e x a m i n e  how t h e s e  
f a c t o r s  r e l a t e  t o  s e x ,  a g e ,  and body s i z e ,  s c i e n t i s t s  have begun 
s y s t e m a t i c  r e s e a r c h ,  p a r t i c u l a r l y  r e l a t e d  t o  e n e r g y  o u t p u t  by 
a e r o b i c  p r o c e s s e s .
IraiLnlaK.and VQ2 max
V02 max i s  d e f i n e d  a s  t h e  h i g h e s t  V02 t h a t  c a n  be a t t a i n e d  by
o
an  a t h l e t e  p e r f o r m i n g  work a t  s e a  l e v e l  ( A s t r a n d  & R o d a h l ,  1 9 7 7 ) .  
The i n d i v i d u a l  V02 max i s  m o s t l y  d e t e r m i n e d  by n a t u r a l  endowment.  
However,  r e g u l a r  t r a i n i n g ,  i n  most  c a s e s ,  c a n  i n c r e a s e  t h e  V02 max
O
10 t o  20J5 ( A s t r a n d  & R o d a h l ,  1 9 7 7 ) »  an d  i t  im p ro v es  a s  much as 
3 7 . 7 % i n  s p e c i a l  c a s e s  ( H i c k s o n ,  Bomze, & H o l l o s z y ,  1 9 78) .
S e v e r a l  i n v e s t i g a t o r s  ( B r y n t e n s o n  & S i n n i n g ,  1973;  C a b r e r a ,  
S m i th ,  & B yrd ,  1977;  C u r e t o n ,  S p a r l i n g ,  E v a n s ,  J o h n s o n ,  K ong ,  & 
P u r v i s ,  1978;  F a h e y ,  Akka,  & R o lp h ,  1975; Ge t tm an ,  A y re s ,  P o l l o c k ,  
& J a c k s o n ,  1978) have shown t h e  t r a i n i n g  e f f e c t  o f  s p o r t  o n  V02 
max i n  b o t h  a b s o l u t e  a n d  r e l a t i v e  t e r m s .  S h a rk e y  (1979)  s t a t e d
t h a t  s m a l l e r  s u b j e c t s  g e n e r a l l y  h a v e  a  h i g h e r  l e v e l  o f  a e r o b i c  
f i t n e s s  r e l a t i v e  t o  b o d y  s i z e ,  a n  i m p o r t a n t  c o n s i d e r a t i o n  i n  
c o m p a r i n g  s o c c e r  p l a y e r s  t o  o t h e r  a t h l e t e s .  W i l m o r e ,  R o y c e ,  
G i r a n d o l a ,  K a tc h ,  and K a tc h  (1 9 7 0 )  sh o w ed  a n  i n c r e a s e  o f  3 . 6  t o  
9 . 9 $  i n  r e l a t i v e  V02 max i n  s u b j e c t s  who j o g g e d  12 o r  24 m i n u t e s  a 
day f o r  10 w eek s ,  t h r e e  d a y s  a  w e e k .  K a s c h  a n d  W a l l a c e  ( 1 9 7 6 )  
r e v e a l e d  no change  i n  V02 max f o r  s u b j e c t s  w i t h  an a v e r a g e  age  o f  
45 y e a r s ,  r u n n i n g ,  swimming,  o r  p e r f o r m i n g  a  c o m b i n a t i o n  o f  b o t h  
e x e r c i s e s  o v e r  a t e n  y e a r  p e r i o d .  I n  a n o t h e r  s t u d y  i n  wh ich  t h e  
a v e r a g e  t r a i n i n g  i n t e n s i t y  was  a b o u t  86$ o f  m a x i m a l  p h y s i c a l  
w o r k i n g  c a p a c i t y  a n d  t h e  a v e r a g e  d u r a t i o n  was 59 m i n u t e s  a  d a y ,  
t h r e e  t i m e s  a  w e e k ,  a s  t h e  i n t e n s i t y  o f  t h e  t r a i n i n g  p r o g r a m  
i n c r e a s e d ,  V02 i n c r e a s e d  i n  a  com p ar ab le  f a s h i o n  ( H i c k s o n ,  e t  a l . , 
1 9 7 8 ) .  The I n d i a n  N a t i o n a l  b a s k e t b a l l  p l a y e r s ,  a f t e r  f o u r  w e e k s  
o f  v i g o r o u s  t r a i n i n g  c a m p ,  showed  a  s i g n i f i c a n t  i n c r e a s e  i n  V02 
max (Verma,  M ahind roo ,  & K a n s a l ,  1 9 7 8 ) .  H o w e v e r ,  f i v e  o f  t h e  15 
s u b j e c t s  r e v e a l e d  a d e c r e a s e  i n  V02 m a x ,  s u g g e s t i n g  a 
d e t e r i o r a t i o n  d u e  t o  o v e r t r a i n i n g .  C a b r e r a ,  e t  a l .  ( 1 9 7 7 )  
a t t r i b u t e d  a  7.756 i n c r e a s e  i n  r e l a t i v e  V02 max d u r i n g  a  b a s k e t b a l l  
s e a s o n  t o  a  d e c r e a s e  i n  body w e i g h t  r a t h e r  t h a n  t o  an  i n c r e a s e  i n  
t h e  f u n c t i o n a l  c a p a c i t y  o f  t h e  c a r d i o v a s c u l a r  s y s t e m  o f  P u e r t o  
R i c a n  b a s k e t b a l l  p l a y e r s .
6VQ2 max i n  A t h l e t e s
H i g h e s t  r e l a t i v e  V02 max v a l u e s  o f  a t h l e t e s ,  8 1 . 5  ( 5 . 3 8  
l i t e r s / m i n )  and 8 1 . 7  m l / k g . m i n  1 ( 5 - 8 8  l i t e r s / m i n ) ,  w e re  r e p o r t e d
O
b y  R o b i n s o n ,  E d w a r d s ,  a n d  D i l l  ( 1 9 3 7 )  a n d  A s t r a n d  ( 1 9 5 5 )
O
r e s p e c t i v e l y .  S a l t i n  and A s t r a n d  ( 1 9 6 7 )  s t u d i e d  t h e  V02 max o f
a t h l e t e s  i n  d i f f e r e n t  s p o r t s ,  t h e  h i g h e s t  a b s o l u t e  v a l u e  b e i n g  f o r
- 1
c r o s s - c o u n t r y  s k i i n g ,  6 . 1 7  1 / m in  ( 7 0 . 9  m l / k g - m i n  ) .  V02 max o f
4 . 5 4  1 / m in  (71.*1 m l /k g - m i n  1 ) f o r  m a r a t h o n  r u n n e r s  was r e p o r t e d  by 
C o s t i l l  and Fox ( 1 9 6 9 ) .  A p p a r e n t l y ,  d e s p i t e  g r e a t  d i f f e r e n c e s  i n  
b o d y  s i z e  o f  a t h l e t e s  i n  t h e s e  two s p o r t s ,  t h e  r e l a t i v e  m e t a b o l i c  
demands a r e  s i m i l a r .
F a r i s ,  G i l l e y ,  D e a n ,  a n d  Teh  ( 1 9 8 0 ) ,  o n  t h e  o t h e r  h a n d ,
- 1
r e p o r t e d  a  V02 max 5 7 . 5 7  m l / k g - m i n  f o r  d e c a t h l o n  a t h l e t e s  i n  
t r a i n i n g  w h i c h  was  o n l y  1 . 4 2 $  l o w e r  t h a n  t h e  v a l u e  o b t a i n e d  by 
Raven,  G e t tm an ,  P o l l o c k ,  and Cooper  (1976)  on p r o f e s s i o n a l  p l a y e r s  
o f  t h e  N o r t h  A m e r i c a n  S o c c e r  L e a g u e .  The s o c c e r  p l a y e r s  we re  
s h o r t e r ,  l i g h t e r  i n  body w e i g h t ,  and h i g h e r  i n  V02 max ( 5 8 . 4  m l /kg-  
m in  1 ) t h a n  p r o f e s s i o n a l  A m e r i c a n  F o o t b a l l  p l a y e r s .  W i t h e r s ,  
R o b e r t s ,  and D a v ie s  (1977)  f o u n d  t h a t  r u n n e r s  and r a c e  w a l k e r s  had 
h i g h e r  V02 max t h a n  s o c c e r  a t h l e t e s ,  t h e r e  w e re  no d i f f e r e n c e s  
be tw een  ho ckey  and s o c c e r  p l a y e r s ,  and t h e  l o w e s t  s c o r e s  among t h e  
g r o u p s  s t u d i e d  w e r e  by  b a s k e t b a l l e r s .  A c o m p a r i s o n  b e t w e e n  
r o w e r s ,  w a t e r  p o l o ,  swimmers ,  and s o c c e r  p l a y e r s ,  (N ovak ,  B e s t i t ,
7M e l l e r o w i c z ,  & Woodward, 1978) i n d i c a t e d  t h a t  t h e  r o w e r s  a c h i e v e d
- 1
t h e  h i g h e s t  V02 max ( 6 2 . 2  m l / k g - m i n  ) ,  w h e r e a s  3 o c c e r  a t h l e t e s
- 1
a c h i e v e d  t h e  l e a s t  ( 5 3 . 2  m l /k g - m i n  ) .
I f  i t  c a n  be assumed t h a t  V02 max o f  a t h l e t e s  r e f l e c t s  t h e  
m e t a b o l i c  d e m a n d s  o f  t h e i r  s p o r t s ,  t h e n  a t h l e t e s  i n  team s p o r t s  
would  a p p e a r  t o  be  l e s s  d e p e n d e n t  upon a e r o b i c  c a p a c i t y  t h a n  a r e  
r u n n e r s ,  s k i e r s ,  an d  s w i m m e r s .  I n  t h o s e  s p o r t s  r e p o r t e d  h e r e ,  
s o c c e r  p l a y e r s '  V02 max r e l a t i v e  t o  body s i z e  was l i t t l e  d i f f e r e n t  
f rom t h a t  o f  a t h l e t e s  i n  o t h e r  team s p o r t s .
Selected Factors- Affeetlng_Jf-Q2_ max
I n  e v a l u a t i o n  o f  V02 max o f  a t h l e t e s ,  i t  i s  e s s e n t i a l  t o  
s e l e c t  a  w o r k  s i t u a t i o n  w h i c h  i s  c l o s e l y  r e l a t e d  t o  t h e  
i n d i v i d u a l s '  s p e c i f i c  s p o r t  a c t i v i t y .  Stromme,  I n g j e r ,  and Meen 
(1 977)  fo und  t h a t  s k i e r s  had a  s i g n i f i c a n t  h i g h e r  V02 max d u r i n g  
u p h i l l  s k i i n g  t h a n  d u r i n g  t r e a d m i l l  r u n n i n g ,  a n d  c y c l i s t s  
r e f l e c t e d  l a r g e  v a r i a n c e  i n  V02 max b e tw e en  c y c l i n g  an d  r u n n i n g ,  
c y c l i n g  b e i n g  s i g n i f i c a n t l y  h i g h e r .  A s i g n i f i c a n t l y  l o w er  V02 i n  
maximum swimming t h a n  i n  maximum r u n n i n g  was f o u n d  i n  t h e  f e m a l e  
an d  m a l e  e l i t e  swimmers p e r f o r m i n g  maximum r u n n i n g  on a t r e a d m i l l  
an d  maximum sw im m in g  i n  a sw im m in g  f l u m e  ( H o l m e r ,  L u n d i n ,  & 
E r i k s o o n ,  197*0.
W i t h  i n c r e a s e  i n  a l t i t u d e ,  V02 max d e c r e a s e s  p r o g r e s s i v e l y  
and i n  a s o m e w h a t  l i n e a r  f a s h i o n  ( P u g h ,  1 9 6 4 ) .  A 1 . 5  t o  3-5%
r e d u c t i o n  i n  V02 max i s  e x p e c t e d  f o r  e v e r y  305  m ab o v e  152*1 m 
a l t i t u d e  ( F a u l k n e r ,  K o l l i a s ,  F a v o u r ,  B u s k i r k ,  & B a l k e ,  1 9 6 8 ) .  
M c A r d l e ,  K a t c h  a n d  K a tc h  (1981 )  s t a t e d  t h a t  l i t t l e  p r o t e c t i o n  i s  
o f f e r e d  f rom t h i s  e f f e c t  e v e n  when p h y s i c a l  c o n d i t i o n i n g  i s  d o n e  
p r i o r  t o  a l t i t u d e  e x p o s u r e .
V02 max v a r i e s  w i t h  d i f f e r e n t  bo d y  t e m p e r a t u r e s .  W i t h  
p r o g r e s s i v e  r e d u c t i o n s  i n  t h e  c o r e  a n d  m u s c l e  t e m p e r a t u r e s ,  t h e  
V02 max d e c r e a s e s  a c c o r d i n g l y  (Ber gh  & Ekblom,  1 9 7 9 ) .  A t h l e t e s  
a r e  l e s s  n e g a t i v e l y  a f f e c t e d  i n  a e r o b i c  po wer  t h a n  n o n - a t h l e t e s  
when e x p o s e d  t o  a  h o t  e n v i r o n m e n t  (Bergh  & Ekblom,  1 9 7 9 ) .
B y r d  an d  C o l l i n s  ( 1 9 8 0 )  s h o w e d  a s i g n i f i c a n t  n e g a t i v e  
c o r r e l a t i o n  b e t w e e n  V02 max a n d  a g e ,  % f a t ,  t o t a l  s k i n f o l d s ,  
d i a s t o l i c  b l o o d  p r e s s u r e ,  and w e i g h t .  The e x c e s s  w e i g h t  i m p o s e s  
e x t r a  s t r e s s  o n  t h e  c a r d i o v a s c u l a r  s y s t e m  d u r i n g  e x e r c i s e .  
A l though  t h e  mechanism i s  n o t  c l e a r ,  t h e  a t h l e t e  w i t h  e l e v a t e d  
d i a s t o l i c  p r e s s u r e  i s  a p p a r e n t l y  a t  a d i s a d v a n t a g e  i n  e n d u r a n c e  
a c t i v i t y  a s  shown by t h e  n e g a t i v e  c o r r e l a t i o n  b e tw e en  V02 max a n d  
d i a s t o l i c  b lo o d  p r e s s u r e .
The t r e a d m i l l  and t h e  c y c l e  e r g o m e t e r  a r e  e x t e n s i v e l y  u s e d  t o  
m easu r e  V02 max i n  t h e  e v a l u a t i o n  o f  c a r d i o v a s c u l a r  r e s p i r a t o r y  
f i t n e s s  o f  a t h l e t e s .  B o t h  h a v e  s p e c i f i c  a d v a n t a g e s  a n d  
d i s a d v a n t a g e s .  The c y c l e  e r g o m e t e r  i s  u s e d  f o r  i t s  s i m p l i c i t y ,  
e a s e  o f  m o v e m e n t  f r o m  o n e  p l a c e  t o  a n o t h e r ,  i n d e p e n d e n c e  o f
9e l e c t r i c a l  p o w e r ,  a d v a n t a g e  i n  o b t a i n i n g  g o o d  q u a l i t y  ECG 
t r a c i n g s ,  a n d  t h e  f a c t  t h a t  t h e  m e c h a n i c a l  e f f i c i e n c y  i s
O
i n d e p e n d e n t  o f  b o d y  w e i g h t  ( A s t r a n d  & R o d a h l ,  1 9 7 7 ) .  The 
t r e a d m i l l ,  ho w ever ,  i s  p r e f e r a b l e  i n  s i t u a t i o n s  i n  w h i c h  i t  i s
O
i m p o r t a n t  t h a t  b o d y  w e i g h t  b e  a f a c t o r .  A s t r a n d  a n d  R o d a h l  
f a v o r e d  t h e  c y c l e  e r g o m e t e r  i n  s u b m a x i m a l  e x e r c i s e s  a n d  t h e  
t r e a d m i l l  f o r  t h e  max imal  e x e r c i s e  t e s t .  A v a r i e t y  o f  p r o t o c o l s
o
( A s t r a n d ,  1 9 6 0 ;  B a l k e  & W a re ,  1 9 5 9 ;  B r u c e ,  B l a c k m a n ,  & J o n e s ,  
1 9 6 3 ;  E l l e s t a d ,  A l l e n ,  Wan, & Kemp, 1 9 6 9 ;  T a y l o r ,  B u s k i r k ,  & 
H e n s c h e l ,  1 9 5 5 ;  T a y l o r ,  Wang,  R o w e l l ,  & B l o m q u i s t ,  1 9 6 3 )  a r e  
a v a i l a b l e  f o r  t h e  two m odes  o f  t e s t i n g .  P o l l o c k ,  B o h a n n o n ,  
Coope r ,  A y r e s ,  Ward,  W h i t e ,  and L i n n e r u d  ( 1 9 7 6 )  f o u n d  g e n e r a l l y  
h i g h  c o r r e l a t i o n s  i n  V02 max among f o u r  p r o t o c o l s  (B a lk e  & Ware,  
1959? B r u c e ,  e t  a l . ,  1963;  E l l e s t a d ,  e t  a l . ,  1969; & t h e  M o d i f i e d
° O
A s t r a n d  t e s t ,  A s t r a n d  & R o d a h l ,  1 9 7 7 ) .  The T a y l o r  p r o t o c o l  h a s  
b een  shown t o  y i e l d  a  h i g h e r  V02 max t h a n  e i t h e r  t h e  B r u c e  o r  
B a l k e  p r o t o c o l s  ( F r o e l i c h e r ,  Brammel l ,  D a v i s ,  N ogue ra ,  S t e w a r t ,  & 
L a n c a s t e r ,  197*0.
I t  i s ,  t h e r e f o r e ,  i m p o r t a n t  t h a t  V02 max v a l u e s  a r e  examined 
c r i t i c a l l y  w i t h  r e s p e c t  t o  t h e s e  m i s c e l l a n e o u s  f a c t o r s  t h a t  m i g h t  
h a v e  some i n f l u e n c e .  I t  i s  p r o b a b l y  p a r t i c u l a r l y  i m p o r t a n t  t h a t  
e x e r c i s e  mode a n d  p r o t o c o l  b e  s c r u t i n i z e d  c a r e f u l l y  p r i o r  t o  
com par ing  o u tco m es  o f  d i f f e r e n t  s t u d i e s .
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A n a e r o b i c  Power
A n a e r o b i c  p o w e r  i s  a c r i t i c a l  f a c t o r  f o r  s u c c e s s  i n  
p e r f o r m a n c e  o f  a t h l e t e s  p a r t i c i p a t i n g  i n  t h e  m a j o r i t y  o f  
c o m p e t i t i v e  s p o r t s .  Wilmore (1977)  s t a t e d  t h a t :
I t  i s  s u s p e c t e d  t h a t  a  h i g h l y  d e v e l o p e d  
a n a e r o b i c  p o w e r ,  o r  c a p a c i t y ,  i s  r e l a t e d  t o  
t h e  a b i l i t y  t o  m a i n t a i n  t h e  m a x i m a l  r u n n i n g  
v e l o c i t y  o r  t o  p e r f o r m  r e p e a t e d  r u n s  up and 
down t h e  c o u r t  o r  f i e l d ,  w i t h o u t  s u b s t a n t i a l l y  
d e c r e a s i n g  t h e  q u a l i t y  o r  s p e e d  o f  t h e  r u n s  
( p .  9 1 ) .
McCloy a n d  l o u n g  ( 1 9 5 * 0 ,  d e f i n e d  power a s  t h e  " c a p a c i t y  o f  
t h e  i n d i v i d u a l  t o  b r i n g  i n t o  p l a y  maximum m u s c l e  c o n t r a c t i o n  a t  
t h e  f a s t e s t  r a t e  o f  s p e e d " .  P h y s i c i s t s  e x p r e s s  p o w e r  a s  w o rk  
p e r f o rm e d  o v e r  a p e r i o d  o f  t i m e ,  w i t h  w o rk  b e i n g  t h e  p r o d u c t  o f  
f o r c e  a n d  t h e  d i s t a n c e  o v e r  w h i c h  t h e  f o r c e  i s  a p p l i e d .  
T h e r e f o r e ,  Power (P )  = F o r c e  (F)  x  D i s t a n c e  (D) /  Time ( T ) .  From 
t h i s  p o w e r  f o r m u l a ,  tw o  c o m p o n e n t s  ca n  be i d e n t i f i e d :  (1 )  F ,  a
f u n c t i o n  o f  s t r e n g t h ,  and (2 )  D/T ,  o r  s p e e d .  To d e v e l o p  p o w e r ,  
a n a e r o b i c  s p e e d  t r a i n i n g  a n d  w e i g h t  t r a i n i n g  a r e  h i g h l y  
recommended (Wilmore ,  1977; C l a r k e ,  1978;  Moulds ,  C a r t e r ,  Coleman,  
& S t o n e ,  1 9 7 9 ) .  W h i l e  s p e e d  i s  a c h i e f  c o m p o n e n t  o f  p o w e r  
( C o n s i d i n e  & S u l l i v a n ,  1 9 7 3 ;  S t a r t ,  G r a y ,  G l e n c r o s s ,  & W a l s h ,  
1 9 6 6 ) ,  m u s c u l a r  s t r e n g t h  ( M c C l e m e n t s ,  1 9 6 6 ;  C o s t i l l ,  M i l l e r s ,  
Myers ,  Kehoe,  & Hoffman,  1968) and e f f i c i e n c y  o f  t h e  ATP-PC s y s t e m  
( S a l t i n ,  1 9 7 3 ;  M a c D o u g a l l ,  Ward,  S a l e ,  & S u t t o n ,  1977) a l s o  p l a y
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m a j o r  r o l e s .  S i n c e  s p e e d  i s  l e s s  s u s c e p t i b l e  t o  c h a n g e ,  most  
i n c r e a s e s  i n  p o w e r  m u s t  come f r o m  d e v e l o p m e n t  o f  s t r e n g t h .  
T h e r e f o r e ,  t r a i n i n g  w i t h  w e i g h t  i s  a  m e t h o d  com m only  u s e d  t o  
d e v e lo p  power .
T r a i n i n g  and A n a e r o b i c  Power
S t o n e ,  B y r d ,  T e w .  a n d  Wood ( 1 9 8 0 )  f o u n d  a  s i g n i f i c a n t  
i m p r o v e m e n t  i n  p o w e r  i n  t h i r t e e n  n o n - e x p e r i e n c e d  O l y m p i c  
w e i g h t l i f t i n g  p e r f o r m e r s  a c r o s s  t i m e .  The t r a i n i n g  p r o g r a m  
c o n s i s t e d  o f  f r e e  w e ig h t  e x e r c i s e ,  t h r e e  days  a week f o r  f o u r t e e n  
w e e k s .  M e a s u r e m e n t s  w e r e  o b t a i n e d  a t  t h e  b e g i n n i n g  o f  t h e  
t r a i n i n g  p e r i o d ,  a t  t h e  end o f  t h e  s e v e n t h  week,  and a t  t h e  end o f  
t h e  t r a i n i n g  p e r i o d .  T h i s  s u p p o r t s  t h e  f i n d i n g s  o f  N e s s  a n d  
S h a r o s  (1 956)  i n  w h ich  t h e y  fo rmed  an e x p e r i m e n t a l  a n d  a  c o n t r o l  
g r o u p  o f  30 c o l l e g e  b a s k e t b a l l  p l a y e r s .  The e x p e r i m e n t a l  g r o u p  
p a r t i c i p a t e d  i n  p r o g r e s s i v e  w e i g h t  t r a i n i n g ,  t h r e e  d a y s  a  w e e k ,  
f o r  f o u r  w e e k s .  I n  a d d i t i o n  t o  a n  i n c r e a s e  o f  3 . 2 3  i n c h e s  i n  
v e r t i c a l  jump o f  t h e  e x p e r i m e n t a l  g r o u p s ,  a s i g n i f i c a n t  i n c r e a s e  
i n  s t r e n g t h  was  a l s o  o b t a i n e d .  M os t  r e c e n t l y ,  O ' B r y a n t  (1982)  
fo u n d  a s i g n i f i c a n t  s i m u l t a n e o u s  i n c r e a s e  i n  s t r e n g t h  an d  p o w e r  
t h r o u g h o u t  s e v e r a l  e x p e r i m e n t s  o n  w e i g h t  t r a i n i n g .  I t  was  
c o n c l u d e d  t h a t  a t h e o r e t i c a l  m o d e l  o f  t r a i n i n g ,  b a s e d  on  t h e  
c o n c e p t  o f  p e r i o d i z a t i o n ,  was s u p e r i o r  t o  t r a d i t i o n a l  m et hod s  f o r  
i n c r e a s e d  s t r e n g t h  a n d  p o w e r  a c h i e v e m e n t s ,  p a r t i c u l a r l y  f o r
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a o h i e v i n g  peak  p e r f o r m a n c e  a t  s p e c i f i c  t i m e s .
P r o g r e s s i v e  w e i g h t  t r a i n i n g  o f  l o c a l i z e d  m u s c l e  g r o u p s  a n d  
i t s  c o n t r i b u t i o n  t o  v e r t i c a l  jump d i s t a n c e  w e r e  s t u d i e d  by 
B a n g e r t e r  ( 1 9 6 8 ) .  Twenty c o l l e g e  s t u d e n t s  w e r e  a s s i g n e d  t o  f o u r  
g r o u p s :  1) a n k l e  p l a n t a r  f l e x o r s ;  2 )  k n e e  e x t e n s o r s ;  3 )  h i p
e x t e n s o r s  and ;  4) a l l  t h r e e  e x e r c i s e s .  A c o n t r o l  g r o u p  o f  t w e n t y  
s u b j e c t s  w e r e  a l s o  s t u d i e d .  E a c h  e x p e r i m e n t a l  g r o u p  e x e r c i s e d  
t h r e e  t i m e s  a  week f o r  e i g h t  w eek s .  One s e t  o f  8 -  10 r e p e t i t i o n s  
t o  m a x im u m  w e r e  p e r f o r m e d  a t  e a c h  e x e r c i s e  s e s s i o n .  T h r e e  
e x e r c i s e  g r o u p s  i m p r o v e d  s i g n i f i c a n t l y  i n  s t r e n g t h .  T h e  
i n v e s t i g a t o r  c o n c l u d e d  t h a t  k n e e  e x t e n s o r s ,  h i p  e x t e n s o r s ,  and 
c o m b i n a t i o n  o f  t h e  tw o  c o n t r i b u t e d  t o  i m p r o v e m e n t s  i n  b o t h  
s t r e n g t h  and v e r t i c a l  jump.  Very l i t t l e  c o n t r i b u t i o n ,  i f  a n y ,  was 
o b t a i n e d  by t h e  p l a n t a r  f l e x o r s ,  s u g g e s t i n g  t h a t  t h e y  may a c t  a s  
p o s i t i o n e r s  and r e s i s t o r s  t o  t h e  f o r c e s  s u p e r im p o s e d  upon them by 
t h e  o t h e r  g r o u p s .
C l e a r l y ,  p o w e r  c a n  b e  m o d i f i e d  t h r o u g h  i m p r o v e m e n t  o f  
m u s c u l a r  s t r e n g t h .  Whi le  s t r e n g t h  g a i n s  c a n  be o b t a i n e d  i n  o t h e r  
ways ,  t r a i n i n g  w i t h  w e i g h t s  a p p e a r s  t o  be t h e  mos t  common mode f o r  
t h o s e  s e e k i n g  t o  im p ro v e  power t h r o u g h  b e t t e r  s t r e n g t h .
M c K e n z i e ,  P a r k h o u s e ,  R ho des ,  Hochoohka,  O v a l l e ,  Mommsen, and 
S h in n  (198 3)  f o u n d  t h e  a c i d  b u f f e r i n g  c a p a c i t y  o f  t h e  s k e l e t a l  
m u s c l e  s i g n i f i c a n t l y  g r e a t e r  i n  a n a e r o b i c a l l y  t r a i n e d  e l i t e
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r u n n e r s  t h a n  i n  a e r o b i c a l l y  t r a i n e d  and s e d e n t a r y  s u b j e c t s .  No 
d i f f e r e n c e  was fo und  b e t w e e n  a e r o b i c a l l y  t r a i n e d  a n d  u n t r a i n e d  
s u b j e c t s ,  i n  a g r e e m e n t  w i t h  t h e  work o f  S h a r p ,  A r m s t r o n g ,  K ing ,  
and C o s t i l l  ( 1 9 8 3 ) .
M o A r d l e ,  e t  a l .  ( 1 9 8 1 )  s u m m a r i z e d  t h e  m e t a b o l i c  c h a n g e s  
f o l l o w i n g  a n a e r o b i c  t r a i n i n g  a s  i n c r e a s e s  i n  a n a e r o b i c  s u b s t r a t e  
l e v e l s ,  i n c r e a s e s  i n  t h e  amount  and a c t i v i t y  o f  enzymes i n v o l v e d ,  
and i n c r e a s e s  i n  maximum b l o o d  l a c t a t e  l e v e l s .  The p h y s i o l o g i c a l  
and b i o c h e m i c a l  c h a n g e s  r e s p o n s i b l e  f o r  l o w e r e d  l a c t a t e  p r o d u c t i o n  
a t  a  s t a n d a r d  l o a d  a r e  p r o d u c e d  by l o w e r  p o w e r  o u t p u t  t r a i n i n g  
p ro g r am s  (Fox ,  B a r t e l s ,  K l i n z i n g ,  & Ragg,  1 9 77) .
Power  and S o u r c e  o f  En er gy
Th e d o m i n a n t  e n e r g y  s o u r c e  i n  t h e  i n i t i a l  s e c o n d s  o f  t h e  
a n a e r o b i c  power p r o c e s s  i s  t h e  ATP-PC s y s t e m  (M a cD o u g a l l ,  e t  a l . ,  
1 9 7 7 ) .  I n  h e a v y  e x e r c i s e ,  w i t h  a  d u r a t i o n  o f  o n l y  few s e c o n d s ,  
ATP-PC u t i l i z a t i o n  s t a r t s  a t  t h e  o n s e t  o f  e x e r c i s e ,  w i t h  
g l y c o l y s i s  c o n t r i b u t i n g  b e f o r e  ATP-PC i s  c o m p l e t e l y  d e p l e t e d  
( S a l t i n ,  1 9 7 3 ) .  M a r g a r i a ,  C e r r e t e l l i ,  a n d  M a n g i l i  ( 19 6 ) 
e m p h a s i z e d  t h e  p o i n t  t h a t  g l y c o l y s i s  b e g i n s  o n l y  a f t e r  a l m o s t  a l l  
ATP-PC h a s  been  d e p l e t e d .
S o c c e r  p l a y e r s  o f t e n  r u n  w i t h  s h o r t  b u r s t s  o f  s p e e d  i n  t h e i r  
a t t a c k  o n  t h e  o p p o n e n t  o r  i n  d e f e n s e  o f  t h e i r  g o a l  f r o m  t h e  
o p p o n e n t ' s  o f f e n s i v e  p l a y e r s .  E v i d e n c e  o f  t h e  i m p o r t a n t
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c o n t r i b u t i o n  o f  g l y c o l y s i s  was  p r o v i d e d  by S a l t i n  (1973)»  who 
fo u n d  t h a t  t h e  i n i t i a l  l e v e l  o f  m u s c l e  g l y c o g e n  i s  i m p o r t a n t  i n  
t h e  p e r f o r m a n c e  o f  i n t e r m i t t e n t  w o r k .  He s t u d i e d  n i n e  s o c c e r
p l a y e r s ,  f i v e  o f  whom who h a d  a  n o r m a l  t h i g h  m u s c l e  g l y c o g e n
~1c o n t e n t  (9 6  mmoles g l u c o s e  u n i t  x  kg ) b e f o r e  t h e  game,  w i t h  t h e  
o t h e r  f o u r  h a v i n g  o n l y  h a l f  o f  t h a t  l e v e l ,  h a v i n g  p a r t i c i p a t e d  i n  
e x h a u s t i n g  w o r k  o n  t h e  p r e v i o u s  d a y .  At  h a l f  t i m e ,  t h e  f i v e  
p l a y e r s  w i t h  n o r m a l  i n i t i a l  v a l u e s  o f  g l y c o g e n  h a d  32 m m o le s  
g l u c o s e  u n i t  x  k g -1  , w h e r e a s  t h e  o t h e r  g r o u p  had p r a c t i c a l l y  no 
g l y c o g e n  l e f t  i n  t h e i r  t h i g h  m u s c l e s .  A f t e r  t h e  g a m e ,  v e r y  low  
g l y c o g e n  v a l u e s  w e r e  f o u n d  f o r  a l l  p l a y e r s .  The t o t a l  d i s t a n c e  
r u n  and t h e  s p e e d  o f  r u n n i n g  we re  d e t e r m i n e d  by a n a l y z i n g  a m o v i e  
t h a t  h a d  b e e n  t a k e n  f o r  e ach  p l a y e r  d u r i n g  t h e  game. Both  g r o u p s  
r e v e a l e d  a r e d u c t i o n  i n  t h e  d i s t a n c e  c o v e r e d  b e t w e e n  t h e  f i r s t  
h a l f  a n d  t h e  s e c o n d  h a l f  o f  t h e  game.  The p l a y e r s  w i t h  h i g h e s t  
g l y c o g e n  c o n t e n t  a t  t h e  s t a r t  o f  t h e  g a m e  c o v e r e d  2 5 $  m o r e  
d i s t a n c e  t h a n  t h e  o t h e r  g r o u p .  A more p ro n o u n ced  d i f f e r e n c e  was 
r e v e a l e d  i n  r u n n i n g  s p e e d .  Th e p l a y e r s  w i t h  n o r m a l  g l y c o g e n  
c o n t e n t  c o v e r e d  27$ w a lk i n g  and 24$ s p r i n t i n g  compared w i t h  h a l f  
t h e  t o t a l  d i s t a n c e  w a lk i n g  and 15$ s p r i n t i n g  f o r  t h e  p l a y e r s  w i t h  
l o w  g l y c o g e n  c o n t e n t .  T h e  i m p o r t a n c e  o f  p o w e r  t o  s o c c e r  
p e r f o r m a n c e  a n d  t h e  c o n t r i b u t i o n  o f  g l y c o l y s i s  t o  p o w e r  w e r e  
c l e a r l y  d e f i n e d  i n  t h i s  e x p e r i m e n t .
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Measurement  o f  A n a e r o b i c  Power
S e v e r a l  power  t e s t s  have b e e n  d e v e l o p e d .  J o h n s o n  and N e l s o n  
( 1 9 7 9 )  d i s t i n g u i s h e d  two t y p e s  o f  p o w e r  m e a s u r e m e n t s :  ( 1 )
a t h l e t i c  p o w e r  m e a s u r e m e n t ,  a n d  ( 2 )  w o r k  p o w e r  m e a s u r e m e n t .  
A t h l e t i c  power m eas ur em en t  i s  e x p r e s s e d  i n  t e r m s  o f  t h e  d i s t a n c e  
t h r o u g h  w h i c h  t h e  b o d y  o r  a n  o b j e c t  i s  p r o p e l l e d  t h r o u g h  s p a c e .  
The f o r c e  an d  v e l o c i t y  f a c t o r s  a r e  n o t  m e a s u r e d ,  o n l y  t h e  
r e s u l t a n t  d i s t a n c e  b e i n g  r e c o r d e d .  S u c h  t e s t s  i n c l u d e  t h e  
v e r t i c a l  j u m p ,  b r o a d  j u m p ,  a n d  v e r t i c a l  a rm  p u l l .  The w o rk  -  
power m eas u r em en t s  a r e  g i v e n  i n  k g - m e t e r s  p e r  s ec o n d  o r  i n  k c a l / k g  
p e r  h o u r .
Power ca n  be  m easu red  v e r y  a c c u r a t e l y  i n  t h e  l a b o r a t o r y  u s i n g  
e x p e n s i v e  f o r c e  t r a n s d u c e r s  and  r e c o r d e r s ,  o r  c a n  be d e t e r m i n e d  by 
f i e l d  t e s t s  s u c h  a s  j u m p i n g  o r  p u t t i n g  t h e  s h o t  o r  t h e  m e d i c i n e  
b a l l .  A more o b j e c t i v e  t e s t ,  s p e c i f i c  t o  l e g  power ,  was d e v e lo p e d  
by M a r g a r i a ,  Aghemo a n d  R o v e l l i  ( 1 9 6 6 )  and  m o d i f i e d  by Kalamen 
( 1 9 6 8 ) .  The s u b j e c t  s t a r t e d  6 m e t e r s  away f rom t h e  f i r s t  s t e p  o f  
a s e t  o f  s t a i r s  i n  o r d e r  t o  b u i l d  up maximum s p e e d .  Then t h e  
s u b j e c t  c o n t i n u e d  t o  r u n  up  t h r e e  s t e p s  a t  a  t i m e .  The t i m e  
b e t w e e n  t h e  t h i r d  s t a i r  an d  t h e  n i n t h  s t a i r  was r e c o r d e d  t o  t h e  
n e a r e s t  h u n d r e d t h  o f  a s e c o n d .  The v a l u e s  r e c o r d e d  w e r e  t h e n  
s u b s t i t u t e d  i n  t h e  f o r m u l a :
Power = Body w e i g h t  x v e r t i c a l  d i s t a n c e  /  t im e
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S u c h  l e g  p o w e r  m e a s u r e m e n t s  have b ee n  u s e d  a l m o s t  e x c l u s i v e l y  a s  
a n  i n d i c a t i o n  o f  p o t e n t i a l  pow er ,  p a r t l y  b e c a u s e  o f  t h e  d i f f i c u l t y  
o f  arm power m e as u r em e n t s  ( C o s t i l l ,  197*0.
A n o th e r  a n a e r o b i c  t e s t ,  u s i n g  a  c y c l e  e r g o m e t e r ,  was d e s i g n e d  
by  E v a n s  a n d  Q u i n n e y  ( 1 9 8 1 ) .  A r e s i s t a n c e  ( f o r c e )  was s e l e c t e d  
and s e t  t o  e l i c i t  t h e  maximum p o w e r  o u t p u t  o v e r  a p e r i o d  o f  30 
s e c o n d s .  The o y c l e  was m o d i f i e d  t o  a l l o w  q u a n t i f i c a t i o n  o f  power  
p r o d u c e d .  Thompson (1981 )  i n t r o d u c e d  a f i e l d  t e s t  f o r  p r e d i c t i o n  
o f  a n a e r o b i c  c a p a c i t y  o f  young h e a l t h y  m a l e s .  Based on i n t e n s i t y  
o f  e x e r c i s e  and t i m e  o f  p e r f o r m a n c e ,  t h e  p r e d i c t i o n  o f  a n a e r o b i c  
e n e r g y  e x p e n d i t u r e  w a s  o b t a i n e d  by means  o f  s p r i n t  p e r f o r m a n c e s  
b e t w e e n  183 and 366 m e t e r s ,  and 20 t o  30 and 50 t o  60 s e c o n d s  f o r  
t h e  minimum and maximum t e s t  p e r f o r m a n c e  t i m e .
Power m e a s u r e m e n t s  a r e  v e r y  u s e f u l  f o r  p r e d i c t i n g  a t h l e t i c  
s u c c e s s  i n  p o w e r - r e l a t e d  s p o r t s  l i k e  s o c c e r .  A t h l e t e s  we re  fo und  
t o  h a v e  h i g h e r  l e v e l s  o f  l e g  power t h a n  n o n - a t h l e t e s  ( M a r g a r i a ,  e t  
a l . ,  1 9 6 6 ) .  F u r t h e r ,  t h e  p l a y e r s  t h a t  w e r e  m o s t  s u c c e s s f u l  
r e v e a l e d  h i g h e r  power o u t p u t  t h a n  t h e  l e s s  s u c c e s s f u l  p l a y e r s .  
A n a e r o b i c  Power and Spor t -  P e r f o r m a n c e
B e c k e n h o l d t  and Mayhew (19 83 )  examined 50 male  a t h l e t e s  f rom  
f o o t b a l l ,  s o c c e r ,  b a s e b a l l ,  b a s k e t b a l l ,  an d  w r e s t l i n g ,  t e s t i n g  
w i t h  t h e  v e r t i c a l  j u m p ,  t h e  s t a n d i n g  b r o a d  j u m p ,  t h e  
M a r g a r i a - K a l a m e n  t e s t ,  a n d  t h e  4 0 - y a r d  d a s h .  S o c c e r  a t h l e t e s
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r e v e a l e d  t h e  l o w e s t  s c o r e s  i n  t h e  v e r t i c a l  j u m p ,  t h e  s t a n d i n g  
b r o a d  jump,  and t h e  M a r g a r i a - K a l a m e n  t e s t ,  b u t  b a d  t h e  h i g h e s t  
s c o r e  i n  t h e  4 0 - y a r d  d a s h .  F o o t b a l l  p l a y e r s  r a n k e d  h i g h e s t  i n  a l l  
e x c e p t  t h e  d a s h .  T h i s  may b e  d u e  t o  t h e  f a c t  t h a t  t h e  game o f  
f o o t b a l l  i s  c h a r a c t e r i z e d  b y  a  g r e a t e r  a n a e r o b i c  e n e r g y  
r e q u i r e m e n t ,  w h i l e  s o c c e r  c o m b i n e s  b o t h  a n a e r o b i c  a n d  a e r o b i c  
d e m a n d s .  I n  s u p p o r t  o f  t h i s ,  D iP ra m p er o ,  P i n e r a - L i m a s ,  and  S a s i  
(1 97 0)  fo und  i n  a l y m p i c  a t h l e t e s  t h e  h i g h e s t  m a x i m a l  a n a e r o b i c  
p o w e r  i n  p e n t a t h l e t e s ,  f o l l o w e d  by s p r i n t e r s  and m i d d l e - d i s t a n c e  
r u n n e r s .  Swimmers and hockey p l a y e r s  had  t h e  l o w e s t  v a l u e s ,  w h i l e  
s o c c e r  and r o w i n g  a t h l e t e s  f e l l  i n  t h e  m i d d l e  w i t h  r e s p e c t  t o  
maximal  a n a e r o b i c  power .
W i t h e r s ,  e t  a l .  ( 1 9 7 7 )  s t u d i e d  t h e  a n a e r o b i c  power o f  S o u th  
A u s t r a l i a n  male  r e p r e s e n t a t i v e s  i n  s o c c e r ,  h o c k e y ,  b a s k e t b a l l ,  
r u n n i n g ,  a n d  w a l k i n g .  S o c c e r  p l a y e r s  p o s s e s s e d  h i g h e r  a n a e r o b i c  
power i n  b o th  a b s o l u t e  and r e l a t i v e  v a l u e s ,  f o l l o w e d  by ho ckey and 
b a s k e t b a l l ,  w i t h  t h e  r u n n e r s  a n d  w a l k e r s  b e i n g  t h e  l o w e s t .  I n  
c o n t r a s t ,  V e r m a ,  M a h i n d r o o ,  a n d  K a n s a l  ( 1 9 7 9 )  o b t a i n e d  h i g h e r  
a b s o l u t e  a n a e r o b i c  p o w e r  f o r  N a t i o n a l  I n d i a n  b a s k e t b a l l  p l a y e r s  
t h a n  f o r  y o u n g  N a t i o n a l  I n d i a n  s o c c e r  a t h l e t e s .  H o w e v e r ,  t h e  
r e l a t i v e  a n a e r o b i c  power  v a l u e s  f o r  t h e  I n d i a n  s o c c e r  p l a y e r s  we re  
h i g h e r  t h a n  f o r  t h e  b a s k e t b a l l  p l a y e r s .
T h ere  a r e  p o s i t i o n - d e p e n d e n t  d i f f e r e n c e s  w i t h i n  s p e c i f i c
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s p o r t s .  C o s t i l l ,  H o f f m a n ,  K e h o e ,  M i l l e r ,  a n d  M y e r s  ( 1 9 6 8 ) 
c o n c l u d e d  t h a t  s u c c e s s f u l  c o l l e g e  f o o t b a l l  p l a y e r s  c a n  b e  
c h a r a c t e r i z e d  by t h e i r  a n a e r o b i c  power o u t p u t .  They a l s o  r e v e a l e d  
s i g n i f i c a n t  d i f f e r e n c e s  i n  a n a e r o b i c  p o w e r  b e t w e e n  p l a y e r s  o f  
d i f f e r e n t  p o s i t i o n s ,  t h e  t a c k l e s ,  c e n t e r s ,  and g u a r d s  h a v i n g  t h e  
h i g h e s t  a n a e r o b i c  pow er .  Ends and i n e x p e r i e n c e d  p l a y e r s  d e v e l o p e d  
t h e  l e a s t  po w er .  S o c c e r  p l a y e r s  we re  a l s o  fo u n d  t o  have d i f f e r e n t  
maximal a n a e r o b i c  power a c c o r d i n g  t o  t h e i r  p o s i t i o n a l  r o l e .  C aru ,  
Le C o u l t r e ,  Aghemo,  a n d  P i n e r o - L i m a s  ( 1 9 7 0 )  an d  Verma,  e t  a l .  
(1 97 9)  r e p o r t e d  t h e  d e f e n s i v e s  a n d  t h e  m i d f i e l d  p l a y e r s  a s  t h e  
s e c o n d  h i g h e s t  g r o u p s  t o  g o a l k e e p e r s ,  f o l l o w e d  by t h e  o f f e n s i v e  
p l a y e r s .
The l i t e r a t u r e  c l e a r l y  i n d i c a t e s  t h a t  a n a e r o b i c  power i s  an 
i m p o r t a n t  f i t n e s s  c o m p o n e n t  f o r  s o c c e r  p l a y e r s .  W h i l e  t h e r e  
a p p e a r  t o  b e  d i f f e r e n c e s  by  p o s i t i o n  w i t h i n  t h e  s p o r t ,  i t  i s  
o b v i o u s  t h a t  a e r o b i c  power ,  s k i l l ,  and o t h e r  f a c t o r s  c o n t r i b u t e  t o  
s u c c e s s ,  s i n c e  i n  c o m p a r i s o n s  o f  a n a e r o b i c  power a c r o s s  s p o r t s ,  
s o c c e r  p l a y e r s  a r e  c o n s i s t e n t l y  l o c a t e d  a r o u n d  t h e  m e a n  f o r  
a t h l e t e s  i n  g e n e r a l .
Body C o m p o s i t i o n - a n d  Som ato tv pe
Body C o m p o s i t i o n
I n f o r m a t i o n  f r o m  e v a l u a t i o n  o f  body c o m p o s i t i o n  body f a t  
a n d  l e a n  b o d y  w e i g h t )  c a n  c o n t r i b u t e  t o  m o r e  s c i e n t i f i c
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d ev e lo p m e n t  o f  t r a i n i n g  f o r  a p a r t i c u l a r  s p o r t  (Wilmore & H a s k e l l ,  
1 9 7 2 ) .  T h ese  d a t a  can  a l s o  a i d  i n  u n d e r s t a n d i n g  o f  t h e  u l t i m a t e  
p h y s i c a l  an d  p h y s i o l o g i c a l  c a p a c i t i e s  and l i m i t a t i o n s  o f  a t h l e t e s  
i n  s p o r t s .  A t h l e t e s  g e n e r a l l y  h a v e  b o d y  c o m p o s i t i o n  
c h a r a c t e r i s t i c s  t h a t  a r e  u n i q u e  t o  t h e i r  s p e c i f i c  s p o r t .  F o r  
ex am p le ,  l o n g  d i s t a n c e  r u n n e r s  h a v e  s m a l l  a m o u n t s  o f  l e a n  b o d y  
w e i g h t  a n d  f a t  w e i g h t ,  w h e r e a s  f i e l d - e v e n t  a t h l e t e s  have much 
l a r g e  q u a n t i t i e s  o f  l e a n  t i s s u e  and a  r e l a t i v e l y  h i g h  p e r  c e n t  o f  
body f a t  (McArdle ,  e t  a l . ,  1 9 8 1 ) .
E s t i m a t i o n  o f  p e r  c e n t  b o d y  f a t  {% f a t )  i s  b a s e d  o n  body 
d e n s i t y  e v a l u a t i o n .  One way t o  m easu re  body d e n s i t y  i n  man i s  t o  
a p p l y  t h e  A r c h i m e d e s  p r i n c i p l e  o f  w a t e r  d i s p l a c e m e n t .  S e v e r a l  
i n v e s t i g a t o r s  ( G o l d m a n  & B u s k i r k ,  1 9 6 1 ;  H a r s h a ,  F r e r i c h s ,  & 
B e r e n s o n ,  1 9 7 8 ;  K a t c h ,  M i c h a e l ,  & H o r v a t h ,  1 9 6 7 )  h a v e  u s e d  
d e n s i t o m e t r i c  t e c h n i q u e s  o f  u n d e r  w a t e r  w e i g h i n g .  T h e s e  a r e  
r e l a t i v e l y  i n e x p e n s i v e  a n d  c o n s i s t  o f  p o r t a b l e ,  i n - w a t e r  
e q u i p m e n t .  O t h e r  t e c h n i q u e s  t h a t  a r e  m o r e  v a l i d ,  b u t  a r e  
t i m e - c o n s u m i n g ,  c o s t l y ,  a n d  r e q u i r e  e x p e n s i v e ,  d e l i c a t e ,  an d  
i m m o b i l e  e q u i p m e n t ,  i n c l u d e  p o t a s s i u m  40 a n d  o t h e r  d i l u t i o n  
m e t h o d s ,  c r e a t i n e  e x c r e t i o n ,  a n d  g a s  d i s p l a c e m e n t . -  O t h e r  
p r o c e d u r e s  i n v o l v e  m e a s u r e m e n t s  o f  s u r f a c e  a r e a ,  s k i n f o l d  
t h i c k n e s s e s ,  c i r c u m f e r e n c e s ,  p o n d e r a l  i n d e x ,  and d i a m e t e r s ,  i n  
a d d i t i o n  t o  t h e  h e i g h t  an d  w e i g h t  o f  t h e  i n d i v i d u a l  ( D u r n i n  &
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R ah am a n ,  1 9 6 7 ;  F o r s y t h  & S i n n i n g ,  1973; J a c k s o n  & P o l l o c k ,  1978; 
P a s c a l e ,  Grossman,  S l o a n  & F r a n k e l ,  1956;  S l o a n ,  1 9 6 7 ;  W i l m o r e  & 
Behnke ,  1 9 69) .
S e v e r a l  i n v e s t i g a t o r s  u s e d  v a r i o u s  o f  t h e s e  m e t h o d s  t o  
e v a l u a t e  body c o m p o s i t i o n  o f  a t h l e t e s  i n  v a r i o u s  s p o r t s .  B u r k e ,  
Winslow,  and S t r u b e  ( 1 9 8 0 ) ,  S m i th  and Byrd ( 1 9 7 6 ) ,  and Wilmore  and 
H a s k e l l  ( 1 9 7 2 ) ,  r e v e a l e d  1 8 . 3 ,  1 3 . 7 ,  a n d  1 4 . 4  p e r  c e n t  b o d y  f a t  
r e s p e c t i v e l y  f o r  American f o o t b a l l  p l a y e r s .  B e l l  (1 9 8 0 )  and Maud 
( 1 9 8 3 )  f o u n d  1 4 . 6  an d  1 2 . 0  p e r  c e n t  f a t  f o r  r u g b y  p l a y e r s .  
A m e r i c a n  f o o t b a l l  a n d  r u g b y  a r e  s i m i l a r  i n  t h a t  t h e y  a r e  b o t h  
c o n t a c t  s p o r t s .  I n  s u c h  s p o r t s ,  h i g h e r  v a l u e s  o f  r e l a t i v e  f a t  
d e p o s i t s  l i m i t  i n j u r i e s  b e c a u s e  o f  t h e  c u s h i o n i n g  e f f e c t  t h a t  such 
t i s s u e  p r o v i d e s .  C o s t i l l ,  Bowers ,  and Kammer ( 1 9 7 0 ) ,  C o s t i l l  a n d  
Fox  ( 1 9 6 9 ) ,  and P o l l o c k ,  J a c k s o n ,  and P a t e  (198 0)  r e p o r t e d  l e s s e r  
v a l u e s  f o r  m a r a t h o n e r s  ( 7 . 5 .  4 . 6 ,  and 5 . 6  r e s p e c t i v e l y ) ,  a t h l e t e s  
t o  whom e x c e s s  f a t  w o u l d  c l e a r l y  i m p o s e  a  p e n a l t y .  S o c c e r  
p l a y e r s ,  on t h e  o t h e r  h a n d ,  w e r e  c h a r a c t e r i z e d  by 9 . 6  p e r  c e n t  
b o d y  f a t ,  s u g g e s t i n g  t h a t  s o c c e r  r e q u i r e s  l e s s  b o d y  f a t  t h a n  
f o o t b a l l ,  a n d  s o m e w h a t  more  t h a n  t h e  m a r a t h o n  t o  b a l a n c e  t h e  
a e r o b i c  e n d u r a n c e  r e q u i r e m e n t  an d  m e e t  t h e  demands  o f  t h e  game 
(Raven,  e t  a l . ,  1 9 7 6 ) .  Runn er s  ( P o l l o c k ,  M i l l e r ,  & Wilmore ,  1974) 
b e t w e e n  40 a n d  75  y e a r s  o f  a g e  h a d  a n  a v e r a g e  o f  1 1 . 8  p e r  c e n t  
f a t ,  p e r h a p s  r e f l e c t i n g  t h e  t r a i n i n g  e f f e c t  o n  bo dy  c o m p o s i t i o n
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r e g a r d l e s s  o f  ag e  and s p e c i f i c  s p o r t .
W i t h e r s ,  e t  a l .  (1 977 )  r e p o r t e d  mean body f a t s  o f  1 6 . 6 ,  1 6 . 7 ,  
a n d  1 5 . 7  p e r  c e n t  f o r  b a s k e t b a l l ,  h o c k e y  a n d  s o c c e r  p l a y e r s ,  
showing no s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  t h r e e  c l a s s e s  o f  
p e r f o r m e r s .  A l o w e r  mean v a l u e  o f  13.1 p e r  c e n t  was o b t a i n e d  f o r  
r u n n e r s  a n d  r a c e  w a l k e r s .  N o v a k ,  e t  a l . ( 1 9 7 8 )  f o u n d  no  
d i f f e r e n c e  i n  p e r  c e n t  b o d y  f a t  b e t w e e n  w a t e r  p o l o  p l a y e r s ,  
s w i m m e r s ,  r o w e r s ,  a n d  s o c c e r  p l a y e r s  ( 8 . 8 ,  7 . 5 ,  7 . 3 ,  a n d  6 . 2  
r e s p e c t i v e l y ) .  H o w e v e r ,  when t o t a l  b o d y  f a t  was  e x p r e s s e d  i n  
a b s o l u t e  t e r m s ,  w a t e r  p o l o  p l a y e r s  showed a s i g n i f i c a n t l y  h i g h e r  
v a l u e  ( 7 . 2 .  5 . 6 ,  6 . 5 ,  4 . 5  k g  r e s p e c t i v e l y ) .  W i l m o r e ,  R o y c e ,  
G i r a n d o l a ,  K a t o h ,  a n d  K a t c h  ( 1 9 7 0 )  r e p o r t e d  c h a n g e s  i n  b o d y  
c o m p o s i t i o n  f rom  a 10-week j o g g i n g  p ro g ram .  The a l t e r a t i o n s  t h a t  
o c c u r r e d  were a r e d u c t i o n  o f  t o t a l  body w e ig h t  and u n c h a n g e d  l e a n  
b o d y  w e i g h t ,  i n d i c a t i n g  a  l o s s  i n  t o t a l  body f a t .  The amount o f  
body f a t  l o s s  a p p e a r s  t o  b e  d u e  t o  t h e  b a l a n c e  b e t w e e n  c a l o r i c  
i n t a k e  a n d  c a l o r i c  e x p e n d i t u r e ,  more r e l a t e d  t o  e x e r c i s e  d u r a t i o n  
t h a n  i n t e n s i t y  (Swenson & C o n l e e ,  1 9 7 9 ) .  Body c o m p o s i t i o n  i s  a l s o  
a l t e r e d  s i g n i f i c a n t l y  a s  a  f u n c t i o n  o f  t h e  f r e q u e n c y  o f  
p a r t i c i p a t i o n  ( P o l l o c k ,  C u r e t o n ,  & G r e n i n g e r ,  1 9 6 9 ) .  T h a t  i s  
c o n s i s t a n t  w i t h  t h e  c o n c e p t  t h a t  t o t a l  c a l o r i c  e x p e n d i t u r e  i s  a 
c r i t i c a l  f a c t o r  (Swenson & C o n le e ,  1979 ) .
T r a i n i n g  by a t h l e t e s  e x p e n d s  l a r g e  numbers  o f  c a l o r i e s  and so
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c o n t r i b u t e s  t o  m a i n t e n a n c e  o f  a  r e l a t i v e l y  low p e r  c e n t  body f a t .  
The d e g r e e  t o  w h i c h  s e l e c t i o n  i s  a  f a c t o r  i n  p a r t i c i p a t i o n  by 
i n d i v i d u a l s  w i t h  p a r t i c u l a r  f a t n e s s  c h a r a c t e r i s t i c s  i n  s p e c i f i c  
s p o r t s  t h a t  r e w a r d  t h a t  makeup i s  unknown a t  t h i s  t i m e .  
jSoma-to.type.
P h y s i c a l  a p p e a r a n c e  and body s t r u c t u r e  a r e  o f  common i n t e r e s t  
t o  a t h l e t e s ,  c o a c h e s ,  an d  r e s e a r c h e r s .  C a t e g o r i e s  h a v e  b e e n  
f o r m e d  o n  t h e  b a s i s  o f  s k i n f o l d s  and g i r t h  m e a s u r e m e n t s ,  c a s u a l  
o b s e r v a t i o n s ,  and p h o t o g r a p h i c  a n a l y s i s  ( L e s l i e ,  B yrd ,  & C o l l i n s ,  
1 9 7 7 ) .  T h e  s p e o i f i c  t e r m s  e n d o m o r p h  ( o b e s i t y ) ,  m es o m o r p h  
( m u s c u l a r i t y ) ,  an d ec to m orph  ( t h i n n e s s )  t h a t  w e r e  i n t r o d u c e d  by 
S h e l d o n  ( 1 9 5 4 )  a r e  g e n e r a l l y  t h e  m o s t  a c c e p t e d  d e s c r i p t i o n  o f  
p h y s i q u e .
I n  d e t e r m i n i n g  t h e  b o d y  b u i l d  
c l a s s i f i c a t i o n ,  o r  s o m a t o t y p e ,  t h e  i n d i v i d u a l  
i s  s c a l e d  f r o m  1 t o  7 i n  e a c h  com po nen t .  The 
s o m a t o t y p e  i s  t h u s  g i v e n  i n  a t h r e e - n u m b e r  
s e q u e n c e  i n  w h i c h  t h e  f i r s t  number r e p r e s e n t s  
a n  e n d o m o r p h i c  c o m p o n e n t ;  t h e  s e c o n d ,  
m e s o m o r p h y ,  an d  t h e  t h i r d ,  e c t o m o r p h y .  An 
ex t r e m e  mesomorph i s  a  1—7 —1 ; a n d  a n  e x t r e m e  
e c t o m o r p h  i s  a  1 - 1 - 7  ( J o h n s o n  & N e l s o n ,  1979,  
p .  172)
H i r a t a  (1966)  d e s c r i b e d  t h e  p h y s i q u e  and ag e  o f  Tokyo Olympic 
champions  o f  d i f f e r e n t  c o u n t r i e s ,  s u g g e s t i n g  t h a t  t h e  c o u n t r i e s  
w h o s e  p e o p l e ' s  p h y s i q u e  i s  g e n e r a l l y  l i m i t e d  t o  t h e  
c h a r a c t e r i s t i c s  o f  champions  i n  c e r t a i n  e v e n t s  s h o u l d  c o n c e n t r a t e
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o n  t h o s e  e v e n t s .  H i r a t a  s t a t e d  t h a t  t h e  s m a l l  b u i l t  J a p a n e s e  h a s  
a  b e t t e r  c h a n c e  f o r  c h a m p i o n  p e r f o r m a n c e  i n  g y m n a s t i c s ,  l o n g  
d i s t a n c e  r u n n i n g ,  t h e  l i g h t  c l a s s  i n  b o x i n g ,  w e ig h t  l i f t i n g  and 
j u d o ,  e q u e s t r i a n  s p o r t s ,  and l o n g  d i s t a n c e  c y c l i n g .  D i f f e r e n c e s  
i n  p h y s i q u e  a n d  b o d y  s i z e  a r e  s t r i k i n g  a m o n g  s o m e  e l i t e  
p a r t i c i p a n t s  i n  v a r i o u s  s p o r t s ,  t h u s  s u g g e s t i n g  t h a t  s o m a t o t y p e  i s  
a  s t r o n g  d e t e r m i n a n t  o f  ch a m p i o n s h i p  p e r f o rm a n c e  ( C a r t e r .  1 9 70) .
S e v e r a l  r e s e a r c h e r s  h a v e  r e v e a l e d  t h a t  t h e  p l a y e r s  i n  
d i f f e r e n t  s p o r t s  h a v e  d i f f e r e n t  body s i z e ,  s h a p e  and c o m p o s i t i o n  
a c c o r d i n g  t o  t h e  demands  o f  t h e  v a r i o u s  s p o r t  e v e n t s  ( B e h n k e  & 
R o y c e ,  1 9 6 6 ;  G r a y ,  1 9 3 6 ;  H i r a t a ,  1966; S i d h u ,  K a n s a l ,  & Kanada,  
1975;  W i t h e r s ,  e t  a l . ,  1 9 77) .  G r e a t e r  t h a n  a v e r a g e  m esom orp hy  i s  
r e q u i r e d  f o r  a l m o s t  a l l  a t h l e t e s ;  t h e  d e g r e e  t o  w hich  endomorphy 
o r  ec to m o r p h y  i s  d e v e l o p e d  a s  t h e  s e c o n d a r y  c o m p o n e n t  i s  q u i t e  
v a r i a b l e  and s p e c i f i c  t o  v a r i o u s  s p o r t s .
K a n s a l ,  V e r m a ,  an d  S i d h u  ( 1 9 8 0 )  f o u n d  t h a t  f o r w a r d  a n d  
s t o p p e r  s o c c e r  a t h l e t e s  ( d e f e n s i v e s )  h a v e  s i m i l a r  b o d y  
p r o p o r t i o n s ,  b u t  d i f f e r e n t  i n d i v i d u a l  b o d y  m e a s u r e m e n t s ,  e x c e p t  
f o r  s k i n f o l d  t h i c k n e s s e s .  T h i s  may i n d i c a t e  t h a t  t h e s e  b o d y  
p r o p o r t i o n s  have a  common b e n e f i t  f o r  t h e  fo r w a r d  and t h e  s t o p p e r  
p l a y e r s .  P l a y e r s  o f  b o t h  p o s i t i o n s  r e q u i r e  s p e e d ,  power ,  and 
a g i l i t y ,  b u t  f o r w a r d s  a r e  more c o n t i n u o u s l y  a c t i v e .  D u r n l n  a n d  
R a h a m a n  ( 1 9 6 7 )  s h o w e d  t h a t  f o r w a r d s  h a v e  s l i g h t l y  g r e a t e r
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c u m u l a t i v e  d i a m e t e r s  a n d  c i r c u m f e r e n t i a l  s c o r e s  i n  r e l a t i o n  t o  
t h e i r  body w e i g h t  an d  h e i g h t .  K a n s a l ,  e t  a l .  ( 1 9 8 0 )  a l s o  s h o w e d  
t h a t  a  f o r w a r d  p l a y e r  h a s  n a r r o w e r  h i p s  and b r o a d e r  f e m u r ,  w i t h  a 
l a r g e r  t h i g h  and c a l f .  T h i s ,  a c c o r d i n g  t o  b i o m e c h a n i c a l  l a w s ,  
g i v e s  l e s s  a n g u l a r  r e a c t i o n  t o  t h e  f o r w a r d  s t r i d e  w h ich  im p ro v es  
r u n n i n g  e f f i c i e n c y  (Metheny.  1 9 3 9 ) .  Rowers and w a t e r  p o l o  p l a y e r s  
h a v e  s i g n i f i c a n t l y  l a r g e r  s k e l e t a l  w i d t h  and l e n g t h  m ea su re m en t s  
t h a n  s o c c e r  p l a y e r s ,  p a r t i c u l a r l y  i n  t h e  u p p e r  b o d y  ( N o v a k ,  e t  
a l . ,  1 9 7 8 ) ,  i l l u s t r a t i n g  t h e  t h e m e  o f  s o m a t o t y p e - t o - s p o r t  
m a t c h i n g .
E l i t e  d i s t a n c e  r u n n e r s  w e re  m u s c u l a r  b u t  were  c h a r a c t e r i z e d  
a s  b e i n g  more e c t o m o r p h i c  t h a n  most  a t h l e t e s .  B a s k e t b a l l  p l a y e r s  
w e r e  t a l l  a n d  l e a n .  I n  a d d i t i o n  t o  h e i g h t ,  t e c h n i q u e  an d  
s t r e n g t h ,  a n a e r o b i c  p o w e r  i s  m o re  p r o n o u n c e d  ( C a b r e r a ,  e t  a l . ,  
1 9 7 7 ) .  W h i l e  d i s t a n c e  r u n n e r s  w e r e  n o t  a s  t a l l  a s  t h e  b a s k e t b a l l  
p l a y e r s ,  b o t h  h av e  s i m i l a r  p r o f i l e s  i n  l e a n n e s s .  E n d u r a n c e  a n d  
s t r e n g t h  a r e  t h e  m o s t  i m p o r t a n t  f i t n e s s  e l e m e n t s  i n  d i s t a n c e  
r u n n i n g .  A t h i r d  g r o u p ,  t h e  e n d o - e c t o m o r p h i c  g r o u p  t h a t  c o n s i s t e d  
o f  j u d o i s t s ,  f o o t b a l l  p l a y e r s ,  U . S . S . R .  g y m n a s t s ,  w e i g h t l i f t e r s ,  
and w r e s t l e r s  c a n  be  c l a s s i f i e d  a3 b e i n g  l a r g e  and s t o u t .  W e i g h t  
l i f t e r s  sh o w ed  t h e  s t o u t e s t  p h y s i q u e ,  f o l l o w e d  by t h e  w r e s t l e r s  
and t h e  j u d o i s t s  ( H i r a t a ,  1 9 6 6 ) .
V a r i o u s  s p o r t s  a n d  e v e n t s  a p p e a r e d  t o  r e w a r d  d i f f e r e n t  body
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p h y s i q u e s .  To a c h i e v e  t h e  h i g h e s t  p o s s i b l e  l e v e l  o f  p e r f o r m a n c e ,  
a o q u i r i n g  t h e  p h y s i q u e  c h a r a c t e r i s t i c s  o f  a c e r t a i n  e v e n t  
t h e r e f o r e  i s  c r u c i a l .  F u r t h e r ,  H i r a t a  ( 1 9 6 6 )  s h o w e d  
c o n s t i t u t i o n a l  v a r i a t i o n s  among a t h l e t e s  o f  d i f f e r e n t  c o u n t r i e s  a s  
w e l l  a s  c o n t i n e n t s .  He r e v e a l e d  t h a t  A s i a n s  i n  g e n e r a l  were  s m a l l  
i n  d e v e lo p m e n t  w i t h  mos t  b e i n g  l e a n  and a few o t h e r s  m ore  s t o u t .  
E u ro p e a n s  w e re  l a r g e  and s t o u t ,  w h e r e a s ,  A f r i c a n s  we re  a s  s m a l l  a s  
A s i a n s  w i t h  t h e  cham pions  t e n d i n g  t o  be l e a n .
P s y c h o l o g i c a l  C h a r a c t e r i s t i c s  and P e r f o rm a n c e  
T r a i n i n g  E f f e c t
P h y s i c a l  a c t i v i t i e s  r e v e a l e d  p o s i t i v e  p s y c h o l o g i c a l  v a l u e s  
f o r  h e a l t h y  i n d i v i d u a l s  ( B r u n n e r ,  1 9 6 9 ;  Mann,  G a r r e t t ,  F a r h i ,  
M u r r a y ,  & B i l l i n g s ,  1 9 6 9 ;  & M o r g a n ,  1 9 6 8 ) ,  a s  w e l l  a s  c a r d i a c  
(N augh ton ,  Bru hn ,  & L a t e g o l a ,  1968) and p s y c h i a t r i c  (Morgan,  1968) 
p a t i e n t s  p a r t i c i p a t i n g  i n  v a r i o u s  e x e r c i s e  and a c t i v i t y  p r o g r a m s .
Morgan,  R o b e r t s ,  B ra n d ,  and F e i n e r m a n  ( 1 9 7 0 )  e v a l u a t e d  t h e  
i n t e r r e l a t i o n s h i p s  o f  d e p r e s s i o n ,  a g e ,  h e i g h t ,  w e i g h t ,  % f a t ,  g r i p  
s t r e n g t h  and p h y s i c a l  w o rk in g  c a p a c i t y  i n  67 no rm a l  a d u l t  m en .  A 
l o w  c o r r e l a t i o n  b e t w e e n  d e p r e s s i o n  and p h y s i c a l  w o rk in g  c a p a c i t y  
was r e p o r t e d .  They a l s o  s t u d i e d  101 a d u l t  males  a s s i g n e d  t o  f i v e  
g r o u p s  i n v o l v e d  i n  a n  e x e r c i s e  prog ram  which c o n s i s t e d  o f  c i r c u i t  
t r a i n i n g ,  j o g g i n g ,  swimming,  t r e a d m i l l  r u n n i n g  an d  c y c l i n g  o n  an  
e r g o m e t e r .  S i x t e e n  s u b j e o t s  s e r v e d  a s  a  c o n t r o l  g r o u p .  The
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t r a i n i n g  p e r i o d  w a s  f o r  s i x  w e e k s ,  e a c h  s e s s i o n  l a s t i n g  55 
m i n u t e s .  No s i g n i f i c a n t  r e d u c t i o n  i n  d e p r e s s i o n  f o r  a n y  o f  t h e  
g r o u p s  w a s  f o u n d  a f t e r  s i x  w e e k s  o f  t r a i n i n g .  H o w e v e r ,  a 
s i g n i f i c a n t  r e d u c t i o n  i n  d e p r e s s i o n  was o b s e r v e d  i n  t h e  s u b j e c t s  
t h a t  w e r e  i n i t i a l l y  d e p r e s s e d .  T h i s  f i n d i n g  a p p e a r s  t o  be i n  
ag r e e m e n t  w i t h  t h e  common b e l i e f  t h a t  e x e r c i s e  s o m a t o t h e r a p y  i s  
a b l e  t o  im pro ve  p s y c h o l o g i c a l  s t a t e s  (Morgan,  1 9 6 9 ) .  I n  c o n t r a s t ,  
T h ax to n  (1982)  fo und  s i g n i f i c a n t l y  l o w e r  d e p r e s s i o n  on t h e  P r o f i l e  
o f  Mood S t a t e s  (POMS) i n  n o r m a l  h e a l t h y  male  and f e m a l e  r u n n e r s  
t h a n  i n  a n o n - r u n n i n g  g r o u p .  B l u m e n t h a l ,  W i l l i a m s ,  N e e d e l s ,  a n d  
W a l l a c e  ( 1 9 8 2 )  f o u n d  t h a t  a f t e r  1 0 - w e e k s  o f  a e r o b i c  e x e r c i s e ,  
p s y c h o l o g i c a l  s t a t e s  were  e n h a n c e d  s i g n i f i c a n t l y .  S i x t e e n  m a l e  
and f e m a l e  s u b j e c t s  were  a s s i g n e d  t o  a 10-weeks  c o n t i n u o u s  w a lk i n g  
o r  j o g g i n g  e x e r c i s e ,  t h r e e  t i m e s  a  w e e k .  The p s y c h o l o g i c a l  
i n s t r u m e n t s  u s e d  i n  t h e  s t u d y  w e r e :  P r o f i l e  o f  Mood S t a t e s
(POMS), S t a t e - T r a i t  A n x i e t y  I n v e n t o r y  (S T A I)  a n d  R e t r o s p e c t i v e  
C h a n g e  Q u e s t i o n n a i r e .  T h e y  f o u n d  t h a t  t h e  e x e r c i s e  g r o u p  
e x p e r i e n c e d  r e d u c t i o n s  i n  b o t h  s t a t e  and t r a i t  a n x i e t y ,  f e l t  l e s s  
t e n s e ,  d e p r e s s e d ,  f a t i g u e d  a n d  c o n f u s e d ,  and more v i g o r o u s  t h a n  
d i d  t h e  c o n t r o l  g r o u p .  S i g n i f i c a n t  r e d u c t i o n s  i n  s t a t e  a n d  t r a i t  
a n x i e t y  w e r e  a l s o  o b s e r v e d  a f t e r  14 weeks o f  a e r o b i c  c o n d i t i o n i n g  
(McGlynn, F r a n k l i n ,  L a u r o ,  & McGlynn, 1 9 83) .
The i n t e r a c t i v e  e f f e c t s  o f  t r a i t  a n x i e t y  and s t r e s s  on moto r
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p e r f o r m a n c e  w e r e  e x p l a i n e d  by  Weinberg  and Ragan ( 1 9 7 8 ) .  T h ree  
l e v e l s  o f  t r a i t  a n x i e t y  we re  s e l e c t e d .  T h i r t y  h i g h  t r a i t  a n x i o u s ,  
30  m o d e r a t e  a n x i o u s ,  a n d  30 low  a n x i o u s  s u b j e c t s  we re  s e l e c t e d  
a f t e r  t h e  i n i t i a l  T r a i t  A n x i e t y  I n v e n t o r y  ( S p i e l b e r g e r , G o r s c h ,  4 
L u s h e n e ,  1 9 7 0 )  w a s  a d m i n i s t e r e d  t o  420  m a l e s .  The t a s k  was t o  
t h r o w  t e n n i s  b a l l s  o v e r h a n d  a t  a  t a r g e t  c o m p r i s e d  o f  t h r e e  
c o n c e n t r i c  c i r c l e s .  A f t e r  t h r o w i n g  t h e  f i r s t  10 b a l l s ,  t h e  
s u b j e c t s  were  r a n d o m l y  a s s i g n e d  t o  h i g h  s t r e s s ,  m o d e r a t e  s t r e s s  
a n d  l o w  s t r e s s  f e e d b a c k  s t a t e m e n t s .  Th e s e c o n d  s t a t e - a n x i e t y  
q u e s t i o n n a i r e  w a s  c o n d u c t e d ,  f o l l o w e d  by t h e  s e c o n d  t r i a l  o f  
t h r o w i n g  t h e  10 b a l l s .  The r e s u l t s  o f  t h e  p e r fo r m a n c e  r e v e a l e d  
t h a t  t h e  m o d e r a t e - s t r e s s  c o n d i t i o n  d i s p l a y e d  t h e  h i g h e s t  
p e r f o r m a n c e .  T r a i t  a n x i e t y  and s t r e s s  i n t e r a c t i o n  i n d i c a t e d  t h a t  
h i g h  t r a i t - a n x i o u s  s u b j e c t s  p e r f o r m e d  b e s t  i n  t h e  l o w - s t r e s s  
c o n d i t i o n ,  w h e r e a s  low  t r a i t - a n x i o u s  s u b j e c t s  p e r f o r m e d  b e s t  i n  
t h e  h i g h - s t r e s s  c o n d i t i o n .
P s y c h o l o g i c a l  C h a r a c t e r i s t i c s  o f  A t h l e t e s
M ale  a t h l e t e s  w i t h i n  a s p o r t  a r e  g e n e r a l l y  f a i r l y  s i m i l a r ,  
a n a t o m i c a l l y .  T h e i r  m u s c u l a r - s k e l e t a l ,  a n d  
c a r d i o v a s c u l a r - r e s p i r a t o r y  s y s t e m s  a r e  s i m i l a r .  P h y s i c a l  
d i f f e r e n c e s  s u c h  a s  s i z e  a n d  s t r e n g t h  w h i c h  i n d i v i d u a l i z e  t h e  
a t h l e t e s ,  a r e  m a n i p u l a t e d  t h r o u g h  p h y s i c a l  p r a c t i c e s  a n d  by 
s e l e c t i o n  f o r  a  p a r t i c u l a r  s p o r t ' s  demands .  L i k e w i s e ,  t h e  mind o f
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t h e  a t h l e t e  I s  t r e a t e d  t h e  same way.
The human m in d  i s  s t r u c t u r a l l y  s i m i l a r  
among p e r s o n s ,  an d  i n d i v i d u a l  p s y c h o l o g i c a l  
d i f f e r e n c e s  s u c h  a s  s e l f - e s t e e m ,  i n t e l l i g e n c e ,  
a n d  n e e d  f o r  a c h i e v e m e n t  d i s t i n g u i s h  u s .  I t  
i s  p o s s i b l e  t h a t  m a n i p u l a t i o n  o f  t h e s e  
i n d i v i d u a l  d i f f e r e n c e s  c o u l d  en hance  a t h l e t e  
p e r f o r m a n c e .  P s y c h o l o g i c a l  t e c h n i q u e s  
a n a l o g o u s  t o  w e i g h t  t r a i n i n g  and wind s p r i n t s  
a r e  n e e d e d  t h a t  w i l l  i m p r o v e  a t h l e t i c  
p e r f o r m a n c e  a n d  t h a t  c a n  b e  g e n e r a l i z e d  t o  
many a t h l e t e s  ( T a y l o r ,  1981, p .  8 8 ) .
The a n a t o m i c a l  a n d  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  r e l a t e d  t o  
s u c c e s s  somet imes  a p p e a r  t o  be l i m i t e d  i n  some a t h l e t e s  i n  s p i t e  
o f  t h e i r  v e r y  h i g h  l e v e l  p e r f o r m a n c e .  T h i s  p a r a d o x  i s  o f t e n  
a t t r i b u t e d  t o  p s y c h o l o g i c a l  f a c t o r s  w i t h i n  t h e  a t h l e t e s  s u c h  a s  
d r i v e ,  d e s i r e ,  p e r s i s t e n c e  an d  d e t e r m i n a t i o n .  C o n v e r s e l y ,  
a t h l e t e s  w i t h  d e f i c i e n c i e s  i n  t h e s e  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s ,  
b u t  w i t h  v e r y  h i g h  l e v e l s  o f  p e r f o r m a n c e  s u c c e e d  p r i m a r i l y  b ec au s e  
o f  t h e i r  s u p e r i o r  a n a t o m i c  a n d / o r  p h y s i o l o g i c a l  m a k e u p .  
T h e r e f o r e ,  p h y s i c a l  o r  p s y c h o l o g i c a l  f a c t o r s  a l o n e  would  n o t  be 
s u f f i c i e n t  t o  p r e d i c t  s u c c e s s  i n  a h i g h l y  r e l i a b l e  m a n n e r .  I d e a l  
p r e d i c t i o n  c a n  o n l y  b e  d o n e  by v i e w i n g  t h e  a t h l e t e  a s  a complex 
p s y c h o p h y s i o l o g i c  o r g a n i s m .
I n  s e l e c t i n g ,  c o u n s e l i n g ,  a n d  t r a i n i n g  a t h l e t e s ,  s p o r t  
s c i e n t i s t s  a r e  c o n c e r n e d  w i t h  p h y s i o l o g i c  a n d  p s y c h i c  
c h a r a c t e r i s t i c s .  T h o m a s ,  Z e b a s ,  B a h r k e ,  A r a u j o ,  and E t h e r i d g e
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(198 3)  fo u n d  t h a t  I n  d i s t a n c e  r u n n e r s ,  81$ o f  t h e  v a r i a n c e  r e l a t e d  
t o  s u c c e s s  was c o n t r i b u t e d  by t h e  p h y s i o l o g i c a l  f a c t o r s .  However,  
80$ o f  t h e  v a r i a n c e  r e l a t e d  t o  s u c c e s s f u l  s p r i n t i n g  and jum ping 
w a s  a t t r i b u t e d  t o  a  c o m b i n a t i o n  o f  t h e  p h y s i o l o g i c a l  a n d  t h e  
p s y c h o l o g i c a l  f a c t o r s .
T h e  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  a n o t h e r  g r o u p  o f  
e n d u r a n c e  r u n n e r s  showed d i f f e r e n t  r e s u l t s .  M o rg a n  a n d  C o s t i l l  
( 1 9 7 2 )  r e p o r t e d  no  s i g n i f i c a n t  c o r r e l a t i o n  b e tw e en  e x t r a v e r s i o n ,  
n e u r o t i c i s m ,  a n x i e t y  an d  d e p r e s s i o n ,  an d  m a r a t h o n  p e r f o r m a n c e .  
T h ey  s h o w e d  t h a t  m a r a t h o n  r u n n e r s  we re  i n t r o v e r t e d .  C o n v e r s e l y ,  
Morgan and P o l l o c k  (1 97 7)  r e v e a l e d  t h a t  e l i t e  A m e r i c a n  m a r a t h o n  
r u n n e r s  w e r e  n o t  i n t r o v e r t e d .  B o t h  s t u d i e s  c h a r a c t e r i z e d  t h e  
r u n n e r s  a s  b e i n g  s i g n i f i c a n t l y  l e s s  a n x i o u s  a n d  l e s s  d e p r e s s e d  
t h a n  t h e  no rm al  p o p u l a t i o n .  A mer ican  c y c l i s t s  on  a  N a t i o n a l  l e v e l  
were  a l s o  c h a r a c t e r i z e d  a s  b e i n g  i n t r o v e r t e d  ( H a g b e r g ,  M u l l i n ,  
B a h r k e ,  & L im burg ,  1 9 7 9 ) .
E x t r a v e r s i o n ,  o n  t h e  o t h e r  h a n d ,  was c h a r a c t e r i s t i c  o f  t h e  
Olympic w r e s t l e r s  (Morgan,  1 9 6 8 ) .  W r e s t l e r s  w i t h  low e x t r a v e r s i o n  
f a i l e d  t o  q u a l i f y ,  an d  w e r e  e l i m i n a t e d  e a r l y  i n  t h e  t o u r n a m e n t ,  
w h e r e a s  w r e s t l e r s  who advanced  t o  t h e  n e x t  r o u n d s  and competed f o r  
t h e  c h a m p i o n s h i p s  w e r e  h i g h  i n  e x t r a v e r s i o n .  M o r e o v e r ,  s e l f  
c o n f i d e n c e ,  and a b i l i t y  t o  f o c u s  a t t e n t i o n  were  fo u n d  t o  s e p a r a t e  
t h e  s u c c e s s f u l  c o l l e g e  w r e s t l e r s  f rom  t h e  n o n s u c c e s s f u l  (G ou ld ,
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W e is s ,  & W e in b e rg ,  1 981) .
T h e r e  i s  v e r y  l i t t l e  l i t e r a t u r e  o n  p s y c h o l o g i c a l  
c h a r a c t e r i s t i c s  o f  s o c c e r  p l a y e r s ,  a l t h o u g h  i t  i s  t h e  w o r l d ’ s  most  
p o p u l a r  s p o r t  i n  t e r m s  o f  p a r t i c i p a t i o n  a n d  s p e c t a t o r  a p p e a l .  
R e id  and Hay (19 79 )  e x a m i n e d  t h e  b e h a v i o r a l  c h a r a c t e r i s t i c s  o f  
r u g b y  a n d  s o c c e r  p l a y e r s  an d  f o u n d  t h a t  a l t h o u g h  t h e r e  we re  no 
d i f f e r e n c e s  i n  p e r s o n a l i t y  and  a c h i e v e m e n t  o r i e n t e d  b e h a v i o r ,  
r u g b y  a n d  s o c c e r  p l a y e r s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  i n  
a g g r e s s i o n  and a t t i t u d e s  t ow ard  p h y s i c a l  a c t i v i t y .
T h a k u r  an d  O j h a  ( 1 9 8 1 )  c o m p a r e d  p e r s o n a l i t y  d i f f e r e n c e s  
b e tw een  t a b l e - t e n n i s ,  b ad m in to n ,  a n d  f o o t b a l l  ( s o c c e r )  p l a y e r s .  
S o c c e r  p l a y e r s  a p p e a r e d  t o  d i f f e r  i n  s e v e r a l  f a c t o r s  o f  t h e  16 PF 
q u e s t i o n n a i r e  f rom t h e  o t h e r  two g r o u p s  ( K r o l l  & P e t e r s o n ,  1 9 6 5 ) .  
A t h l e t e s '  p e r s o n a l i t y  c h a r a c t e r i s t i c s  were  h a p p i n e s s ,  c o r d i a l i t y ,  
a f f e c t i o n a t e ,  a n x i o u s ,  a c h i e v e m e n t - o r i e n t e d ,  d o m i n a n t ,  and  w i t h  
s u p e r i o r  o r g a n i z i n g  c a p a c i t y .  N o n - a t h l e t e s  we re  c h a r a c t e r i z e d  a s  
p a s s i v e ,  r e j e c t e d ,  w i t h  g u i l t  f e e l i n g s ,  a c q u i s i t i v e ,  i m a g i n a t i v e  
and i n t e r e s t e d  i n  s e x  (Thaku r  & T h a k u r ,  1980 ) .
The m e n t a l  s t a t e  o f  t h e  a t h l e t e  d i f f e r s  i n  p r a c t i c e  f r o m  i n  
c o m p e t i t i o n .  T h e r e f o r e ,  a t t e n t i o n  h a s  b e e n  f o c u s e d  on p r e p a r i n g  
a t h l e t e s  p s y c h o l o g i c a l l y  f o r  c o m p e t i t i o n .  M o r g a n  ( 1 9 7 4 )  i n  a n  
a t t e m p t  t o  e x p l a i n  t h e  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  a t h l e t e s  
o f  v a r i o u s  s p o r t s  a n d  t h e i r  p r e p a r a t i o n  f o r  c o m p e t i t i o n ,
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d e t e r m i n e d  f i v e  c o n c e p t s  t o  be  u s e d  by c o a c h e s ,  t r a i n e r s ,  p h y s i c a l  
e d u c a t o r s ,  a n d  p h y s i c i a n s  i n  t h e  a r e a  o f  s p o r t  m e d i c i n e .  The 
c o n c e p t s  w h i c h  w e r e  d e v e l o p e d  c o n s i s t  o f  ( 1 )  k n o w i n g  t h e  
p s y c h o l o g i c a l  p r o f i l e s  o f  v a r i o u s  s p o r t  g r o u p s ,  ( 2 )  u n d e r s t a n d i n g  
t h e  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  s u c c e s s f u l  v e r s u s  l e s s  
s u c c e s s f u l  a t h l e t e s ,  ( 3 )  u s e  o f  i n d i v i d u a l i z a t i o n  i n  h a n d l i n g  
t e n s i o n  s t a t e s  o f  a t h l e t e s ,  ( 4 )  u n d e r s t a n d i n g  m e n t a l  h e a l t h  and 
i t s  i m p o r t a n t  r o l e  i n  s p o r t ,  a n d  ( 5 )  u n d e r s t a n d i n g  o f  t h e  
a t h l e t e ' s  c o n s c i o u s  a n d  u n c o n s c i o u s  b e h a v i o r  a n d  m o t i v e s .  
P s y c h o l o g i c a l  p r e p a r a t i o n  o f  a t h l e t e s  f o r  c o m p e t i t i o n  w a s  d i v i d e d  
i n t o  g e n e r a l  an d  s p e c i a l  p r o c e d u r e s  ( B l u m e n s t i e n  & H u n d a n o v ,  
1 9 8 0 ) .  Both  g e n e r a l  and s p e c i a l  p r e p a r a t i o n s  s h o u l d  e x i s t  o n  a 
d a i l y  b a s i s  d u r i n g  t r a i n i n g  s e s s i o n s ,  w i t h  more a t t e n t i o n  b e i n g  
d i r e c t e d  t o  s p e c i a l  p r e p a r a t i o n  a s  t i m e  t o  c o m p e t i t i o n  n e a r s .  
T h r e e  s t a g e s  h a v e  b e e n  s u g g e s t e d  by  G u r o v ,  S v y a d o s h e h ,  an d  
T a m p o l s k y  ( 1 9 8 0 )  f o r  p r e p a r i n g  a t h l e t e s  p s y c h o l o g i c a l l y  f o r  
c o m p e t i t i o n .  The f i r s t  two s t a g e s ,  t h e  i n i t i a l  a u t o  s u g g e s t i v e  
t r a i n i n g  and t h e  p o s i t i v e  s e n s o r y  h a l l u c i n a t i o n  t r a i n i n g ,  w e r e  
p r e p a r a t o r y  a n d  common t o  a t h l e t e s  i n  v a r i o u s  s p o r t s .  The t h i r d  
s t a g e ,  t h e  g o a l - d i r e c t e d  t r a i n i n g  s t a g e ,  s h o u l d  a c c o u n t  f o r  t h e  
c o m p e t i t i v e  s p e c i f i c i t y  o f  e a c h  e v e n t .
M a n a g i n g  t h e  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  t o p  
a t h l e t e s  i s  a c o m p l e x  p r o o e d u r e .  S a l m e l a ,  H o s e k ,  J a n s s e n ,
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P i l v e i n ,  and S i l v a  (1979 )  e x p l a i n e d  t h e  v a r i o u s  p ro b lem s  t h a t  t h e  
s p o r t  p s y c h o l o g i s t  w i l l  e n c o u n t e r  i n  managing p s y c h o l o g i c a l  s t a t e s  
o f  t h e  t o p  a t h l e t e s ,  s u c h  a s  d i f f e r e n c e s  i n  t h e  a t h l e t e ' s  
a c c e p t a n c e  o f  i n t e r v e n t i o n  by t h e  s p o r t  p s y c h o l o g i s t .  T h ey  a l s o  
r e p o r t e d  t h a t  c e r t a i n  u n b a l a n c e d  c o m b i n a t i o n s  o f  a g g r e s s i o n ,  
a l o o f n e s s ,  and e m o t i o n a l i t y  may b e  p r e r e q u i s i t e s  f o r  h i g h  l e v e l  
p e r f o r m a n c e .  An e x a m p l e  g i v e n  was  t h a t  t h e  B r a z i l i a n  s o c c e r  
p l a y e r s  who we re  v e r y  good ,  somet imes  r e v e a l e d  n e u r o t i c  b e h a v i o r a l  
s t a t e s ,  w h i l e  t h e  p l a y e r s  who h a d  b a l a n c e d  p s y c h o l o g i c a l  
c h a r a c t e r i s t i c s  w e r e  n o t  t h e  b e s t  p l a y e r s .  E m p h a s i z i n g  t h e  
e s s e n t i a l  r o l e  o f  t h e  s p o r t  p s y c h o l o g i s t  i n  c o n c e r t  w i t h  t h e  
o o a c h ,  a t h l e t e ,  a n d  t e a m  p h y s i c i a n ,  S a l m e l a  a n d  h i s  c o l l e g u e s  
( 1 9 7 9 )  s t a t e d  t h a t  "The r o l e s  o f  m e d i a t o r  i n  moments o f  c o n f l i c t  
a s  w e l l  a s  a  t e c h n i c i a n  i n  r e d u c t i o n  o f  t h e  c o m p e t i t i v e  a n x i e t y  
s e e m s  t o  r e c u r  most  f r e q u e n t l y . "  ( p .  1 6 3 ) .  D e s p i t e  much p r o g r e s s  
i n  d e a l i n g  w i t h  e l i t e  a t h l e t e s ,  Morgan (1979)  and S a l m e l a ,  e t  a l .  
( 1 9 7 9 )  s u g g e s t e d  a c o n s e r v a t i v e  a p p r o a c h  i n  p r e d i c t i o n  o f  
p e r f o r m a n c e  by t h e  s p o r t  p s y c h o l o g i s t .  M o r e o v e r ,  M o r g a n  ( 1 9 7 9 )  
warned  c o a c h e s  t o  be r e a s o n a b l e  i n  t h e  r e q u e s t s  t h e y  make o f  s p o r t  
p s y c h o l o g i s t s .  P s y c h o l o g i c a l  a t t r i b u t e s  a r e  o n l y  p a r t  o f  t h e  
p u z z l e  o f  p e r f o r m a n c e  t h a t  must  be  s o l v e d .  
Anx^ e.ty_..-.SMbe_juad.JCr-aAA.
A n x i e t y  i n  s p o r t  c o m p e t i t i o n  i s  one o f  t h e  few s u b j e c t s  t h a t
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s p o r t  p s y c h o l o g i s t s  have i n v e s t i g a t e d  w i d e l y .  However ,  we a r e  f a r  
f r o m  t h o r o u g h l y  u n d e r s t a n d i n g  t h e  r o l e  o f  a n x i e t y  i n  s p o r t  
c o m p e t i t i o n .  Hogg ( 1 9 8 0 )  r e l a t e d  t h e  c o m p l e t e l y  u n c o n v i n c i n g  
r e s u l t s  t o  t h e  m e a s u r i n g  i n s t r u m e n t s  b e i n g  t o o  g e n e r a l  a n d  
u n r e l i a b l e ,  f a i l u r e  t o  d i s t i n g u i s h  b e tw e e n  t h e  e n d u r i n g  t r a i t  and 
t r a n s i t o r y  s t a t e  a n x i e t y ,  a n d  t o  t h e  f a c t  t h a t  m o s t  r e s e a r c h  
o c c u r r e d  i n  an  a r t i f i c i a l  c o m p e t i t i v e  s i t u a t i o n .
I t  i s  w i d e l y  a c c e p t e d  t h a t  b o t h  s t a t e  and t r a i t  a n x i e t y  p l a y  
i m p o r t a n t  r o l e s  i n  i n d i v i d u a l s '  p e r f o r m a n c e  i n  s p o r t s .  S a n d e r s o n  
and A sh ton  (1981)  r e p o r t e d  t h a t  t h e  e f f e c t  o f  s t a t e - t r a i t  a n x i e t y  
i s  n o t  u n i d i r e c t i o n a l ,  b u t  r a t h e r  t h a t  i t  may be a d a p t e d  t o  t h e  
i n v e r t e d - U  h y p o t h e s i s .  Hence,  i n t e r m e d i a t e  l e v e l s  o f  a r o u s a l  a r e  
g e n e r a l l y  c o n s i d e r e d  t o  p ro d u c e  o p t i m a l  p e r f o r m a n c e  (S o n s t r o e m  & 
B e r n a r d o ,  1982) .
I n  t h r e a t e n i n g  s i t u a t i o n s ,  a n x i e t y  ca n  b e s t  be  e f f e c t i v e l y  
m a n i p u l a t e d  when o n e ' s  s e l f - e s t e e m  i s  d i r e c t l y  a f f e c t e d  ( H o d g e s ,  
1 9 6 8 ;  H o d g e s  & S p i e l b e r g e r ,  1 9 6 9 ) .  M o rg a n  ( 1 9 7 0 )  fo u n d  l o w e r  
a n x i e t y  l e v e l s  i n  v a r s i t y  w r e s t l e r s  p r i o r  t o  a m a t c h  t h a n  a t  
p r e s e a s o n  s c o r e s .  S u b s e q u e n t  s t u d i e s  ( M o r g a n  & Hammer, 197*1; 
M a r t e n s ,  & G i l l ,  1976) i n d i c a t e d  h i g h e r  s t a t e  a n x i e t y  l e v e l s  a t  
p r e c o m p e t i t i o n  a n d  mid c o m p e t i t i o n  t h a n  u n d e r  no rmal  c o n d i t i o n s .  
P o s t  c o m p e t i t i o n  s t a t e  a n x i e t y  l e v e l s  were  o b t a i n e d  i n  b a s k e t b a l l  
p l a y e r s  (G r u b e r  & Beauchamp, 1 9 7 9 ) ,  b ad m in to n  p l a y e r s  ( S a n d e r s o n  &
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A s h t o n ,  1 9 8 1 ) ,  a n d  c r o s s  c o u n t r y  r u n n e r s  ( S a n d e r s o n  & R e i l l y ,  
1983) and i n d i c a t e d  t h a t  t h e  l e v e l  o f  s t a t e  a n x i e t y  r e d u c t i o n  i n  
p o s t - c o m p e t i t i o n  was  g r e a t e r  a f t e r  w i n n i n g  m a t c h e s  t h a n  a f t e r  
l o s i n g ,  H u d d l e s t o n  and G i l l  (198 1)  i n d i c a t e d  t h a t  s t a t e  a n x i e t y  
l e v e l  we re  shown t o  i n c r e a s e  a s  t i m e  t o  c o m p e t i t i o n  n e a r e d .
Female  b a s k e t b a l l  p l a y e r s  w e r e  s i g n i f i c a n t l y  m o re  a n x i o u s  
b e f o r e  t h e  c r u c i a l  g am e s  t h a n  b e f o r e  t h e  e a s y  g a m e s  (G r u b e r  & 
Beauchamp,  1 9 7 9 ) .  They a l s o  r e v e a l e d  a  s i g n i f i c a n t  r e d u c t i o n  i n  
a n x i e t y  s t a t e  a f t e r  a l l  w i n n i n g  g a m e s ,  w h i l e  s t a t e  a n x i e t y  
r e m a in e d  h i g h  a f t e r  t h e  games w e re  l o s t .
T h e  r o l e  o f  s k i l l  a n d  e x p e r i e n c e  a s  m e d i a t o r s  i n  t h e  
p e r f o r m a n c e - a n x i e t y  r e l a t i o n s h i p  h a s  been  r e p o r t e d  ( C a r r o n ,  1 9 7 1 ;  
G r i f f i t h s ,  S t e e l ,  & V a c c a r o ,  1 9 7 9 ) .  I n c r e a s e d  c o n f i d e n c e  ( l e s s  
a n x i e t y )  i s  c h a r a c t e r i s t i c  o f  b o t h  t h e  h i g h l y  s k i l l e d  a n d  t h e  
e x p e r i e n c e d  a t h l e t e .
M ahoney a n d  A v e n e r  ( 1 9 7 7 )  r e p o r t e d  d i f f e r e n c e s  i n  a r o u s a l  
p a t t e r n s  a s  a  f u n c t i o n  o f  s k i l l  l e v e l  i n  male  g y m n a s t s .  F u r t h e r ,  
t h e y  fo u n d  Olympic q u a l i f i e r s  t o  have s l i g h t l y  h i g h e r  a n x i e t y  t h a n  
n o n q u a l i f i e r s  p r i o r  t o  c o m p e t i t i o n .  The n o n q u a l i f i e r s ,  h o w e v e r ,  
r e v e a l e d  h i g h e r  a n x i e t y  d u r i n g  p e r f o r m a n c e .  The c o m p l e x i t y  o f  t h e  
a n x i e t y - p e r f o r m a n o e  r e l a t i o n s h i p  i s  o b v i o u s .
F e n z  a n d  J o n e s  ( 1 9 7 2 )  s t u d i e d  a n x i e t y  i n  p a r a c h u t i s t s  and 
fo und  t h a t  t h e  b e s t  p e r f o r m e r s  showed an i n c r e a s e  i n  a r o u s a l  e a r l y
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d u r i n g  t h e  jump s e q u e n c e ,  w i t h  s h a r p  d e c r e a s e s  i n  a r o u s a l  upon 
e x i t i n g  f rom  t h e  a i r c r a f t .  I n  a d d i t i o n  t o  g e n e r a l  e x p e r i e n c e ,  
r e p e a t e d  e x p o s u r e  t o  a  s p e o i f i o  s t r e s s o r  a l s o  was  fo u n d  t o  be  
e f f e c t i v e  i n  d e a l i n g  w i t h  s t r e s s .  P o w e l l  an d  V e r n e r  ( 1 9 8 2 )  
s u p p o r t e d  t h e  f i n d i n g s  o f  F e n z  a n d  J o n e s  ( 1 9 7 2 )  a n d  r e p o r t e d  
i n d i v i d u a l s  who c h o s e  t o  p a r t i c i p a t e  i n  p a r a c h u t i n g  h ad  low  t r a i t  
a n x i e t y .
R e l a x a t i o n  t e c h n i q u e s  a p p e a r  t o  h a v e  p o s i t i v e  e f f e c t s  on 
a n x i e t y  and p e r f o r m a n c e .  G r i f f i t h s ,  S t e e l ,  V a c c a r o ,  an d  K a rp m an  
( 1 9 8 1 )  o b t a i n e d  s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  a c o n t r o l  g r o u p  
and two r e l a x a t i o n  g r o u p s  ( a  m e d i t a t i o n  and a  b i o f e e d b a c k  g r o u p )  
o n  s t a t e  a n x i e t y  f o l l o w i n g  r e l a x a t i o n  t r a i n i n g .  N i d e f f e r  and 
Deckner  (1970)  r e p o r t e d  an  i m p r o v e d  p e r f o r m a n c e  i n  s h o t - p u t t i n g  
a f t e r  p r o g r e s s i v e  r e l a x a t i o n  p r i o r  t o  c o m p e t i t i o n .  The e f f i c a c y  
o f  r e l a x a t i o n ,  h o w e v e r ,  m i g h t  b e  d e p e n d e n t  o n  t h e  s t a t e  o f  
a r o u s a l ,  i f  one  a c c e p t s  t h e  i n v e r t e d - U  h y p o t h e s i s .
P r o f i l e s  o f  Mood S t a t e s  (POMS)
P r o f i l e s  o f  Mood S t a t e s  (POMS) was d e v e lo p e d  by McNair ,  L o r r  
and Droppleman (1 9 7 1 )  t o  m e a s u r e  s i x  mood o r  a f f e c t i v e  s t a t e s :  
T e n s i o n - A n x i e t y ; D e p r e s s i o n - D e j e c t i o n ;  A n g e r - H o s t i l i t y ; 
V i g o r - A c t i v i t y ; F a t i g u e - I n e r t i a ; an d  C o n f u s i o n - B e w i l d e r m e n t . 
N orm a t iv e  d a t a  a s  w e l l  a s  p s y c h i a t r i c  o u t p a t i e n t s '  norms have  b ee n  
i n t r o d u c e d .  Normal  h e a l t h y  i n d i v i d u a l s ,  p s y c h i a t r i c ,  a n d  c a r d i a c
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p a t i e n t s ,  a s  w e l l  a s  a t h l e t e s  i n  v a r i o u s  s p o r t s  and e v e n t s  have 
been s u b j e c t e d  t o  POMS i n v e s t i g a t i o n s .
B l u m e n t h a l ,  e t  a l .  ( 1 9 8 2 )  r e p o r t e d  l e s s  t e n s i o n ,  f a t i g u e ,  
d e p r e s s i o n ,  and c o n f u s i o n ,  and l e s s  v i g o r o u s  c h a r a c t e r i s t i c s  i n  
n o r m a l  h e a l t h y  m a l e s  and f e m a l e s  who e x e r c i s e d  f o r  10 weeks t h a n  
t h e  n o n - e x e r c i s e d  c o n t r o l  g r o u p .  A t h l e t e s  i n  g e n e r a l  h a v e  b e e n  
c h a r a c t e r i z e d  a s  b e i n g  l e s s  t e n s e ,  d e p r e s s e d ,  a n g r y ,  f a t i g u e d ,  and 
c o n f u s e d  and more v i g o r o u s  t h a n  t h e  n o r m a l  p o p u l a t i o n  ( M o r g a n  & 
P o l l o c k ,  1 9 7 7 ;  T h a x t o n ,  1 9 8 2 ;  T h o m a s ,  e t  a l . ,  1 9 8 3 ) .  N a t i o n a l  
American c y c l i s t s  showed s i m i l a r  p r o f i l e s  e x c e p t  f o r  t h e  f a t i g u e  
f a c t o r  ( H a g b e r g ,  e t  a l . ,  1 9 7 9 ) »  w h i c h  was  n o t  l o w e r  t h a n  t h e  
no rm al  v a l u e s .  S i l v a ,  S h u l t z ,  H a s l a m ,  a n d  M u r r a y  ( 1 9 8 1 )  f o u n d  
t h a t  h i g h  s t a t e  a n x i e t y  and t e n s i o n ,  b u t  l e s s  d e p r e s s i o n ,  a n g e r ,  
v i c i o u s n e s s ,  f a t i g u e ,  and c o n f u s i o n  were  t h e  c h a r a c t e r i s t i c s  t h a t  
d i s c r i m i n a t e d  t h e  e l i t e  q u a l i f i e r s  f r o m  t h e  n o n - q u a l i f y i n g  
w r e s t l e r s  o f  t h e  1979 U n i t e d  S t a t e s  J u n i o r  Camp.
R e s e a r c h e r s  have d e b a t e d  t h e  q u e s t i o n  o f  which p s y c h o l o g i c a l  
i n v e n t o r y  t o  employ f o r  some t i m e  ( M o r g a n ,  1 9 7 9 ) .  The a r g u m e n t  
was c o n c e n t r a t e d  upon w h e th e r  t o  u s e  t h e  o n es  t h a t  a r e  d e s i g n e d  t o  
m easu r e  t r a i t s  o r  o t h e r s  t h a t  m e a s u r e  s t a t e s ,  w h e r e a s  a  t h i r d  
p a r t y  p r e f e r s  s t a t e - t r a i t  m o d e l s .  Morgan (1 97 9)  s u g g e s t e d  t h a t  
t h e  b e s t  i n v e n t o r y  t o  a p p l y  i s  t h e  o n e  t h a t  i s  g o v e r n e d  by t h e  
q u e s t i o n  b e i n g  a s k e d  i n  any g i v e n  s i t u a t i o n .  V a r i o u s  i n v e n t o r i e s
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s u c h  a s  t h e  E y s e n c k  P e r s o n a l i t y  I n v e n t o r y  ( E P I )  ( E y s e n c k  & 
E y s en c k ,  1 9 6 8 ) ,  P r o f i l e s  o f  Mood S t a t e s  (POMS) ( M c N a i r ,  e t  a l . ,  
1 9 7 1 )>  a n d  t h e  S t a t e - T r a i t  A n x i e t y  I n v e n t o r y  (STAI) ( S p i e l b e r g e r ,  
e t  a l . ,  1970) h ave  b ee n  d e s i g n e d  t o  measur e  v a r i o u s  p s y c h o l o g i c a l  
t r a i t s  a n d / o r  s t a t e s .
S t a t e m e n t  o f  t h e  Prob lem
T h i s  s t u d y  w a s  u n d e r t a k e n  i n  o r d e r  t o  d e s c r i b e  t h e  maximal  
oxygen c o n s u m p t i o n ,  m a x i m a l  a n a e r o b i c  p o w e r ,  b o d y  c o m p o s i t i o n ,  
s o m a t o t y p e ,  a n d  s e l e c t e d  p s y c h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  
K u w a i t i  World  Cup male  s o c c e r  a t h l e t e s .
1 .  K u w a i t i  N a t i o n a l  S o c c e r  Team c o n s t i t u t e d  t h e  s u b j e c t  
p o p u l a t i o n .  G e n e r a l i z a t i o n  was t h e r e f o r e  l i m i t e d  by t h i s  one team 
s a m p l e .
2 .  Maximum ox y g en  co n su m p t io n ,  maximum a n a e r o b i c  power ,  body 
c o m p o s i t i o n ,  s o m a t o t y p i n g  a n d  s e l e c t e d  p s y c h o l o g i c a l  
c h a r a c t e r i s t i c s  we re  t h e  o n l y  p a r a m e t e r s  i n v e s t i g a t e d .
B a s i c  A ssum pt io ns
The f o l l o w i n g  a s s u m p t i o n s  were  made f o r  t h e  s t u d y :
1.  Each s u b j e c t  p u t  f o r t h  h i s  maximum e f f o r t  i n  t h e  e x e r c i s e  
t e s t i n g .
2 .  T r a n s l a t i o n s  f r o m  E n g l i s h  t o  A r a b i c  f o r  p s y c h o l o g i c a l  
t e s t i n g  were  p r e c i s e ,  b u t  m e a n i n g f u l ,  r e s u l t i n g  i n  t h e  i t e m s  a n d
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t h e  e n t i r e  t e s t  b e i n g  v a l i d  f o r  t h i s  g ro u p  o f  a t h l e t e s .
.glgnlflea flftg.
I n v e s t i g a t i o n  o f  s e l e c t e d  c h a r a c t e r i s t i c s  o f  w o r l d  c l a s s  
a t h l e t e s  w i l l  p r o v i d e  m ore  b a s i c  i n f o r m a t i o n  t o  c o a c h e s  a n d  
a t h l e t e s  who a r e  n a t u r a l l y  c o n c e r n e d  w i t h  i m p r o v in g  t h e  s t a t u s  o f  
t h e i r  p a r t i c u l a r  s p o r t .  Much o f  t h e  r a p i d  an d  m a r k e d  a d v a n c e  i n  
s p o r t  p e r f o r m a n c e  o v e r  t h e  p a s t  two d e c a d e s  h a s  b ee n  t h e  r e s u l t  o f  
a p p l i c a t i o n  o f  f i n d i n g s  by s p o r t s  s c i e n t i s t s .  Y e t ,  o n e  o f  t h e  
m a j o r  p r o b l e m s  t h a t  c o a c h e s  s t i l l  e n c o u n t e r  i n  s e l e c t i n g  p l a y e r s  
f o r  h i g h - l e v e l  p e r f o r m a n c e  i s  t h e  l a c k  o f  o b j e c t i v e  m e a s u r e s .  
S o c c e r  c o a c h e s  commonly s e l e c t  p l a y e r s  by s u b j e c t i v e  e v a l u a t i o n  o f  
t h e i r  p l a y e r s '  p e r f o r m a n c e  i n  c o m p e t i t i o n .
T h i s  i n v e s t i g a t o r ' s  i n t e n t i o n  was  t o  i d e n t i f y  some o f  t h e  
f a c t o r s  t h a t  m i g h t  h e l p  s o l v e  t h i s  p r a c t i c a l  p ro b lem  o f  v a l i d a t i n g  
p o t e n t i a l  a b i l i t y ,  e s p e c i a l l y  a s  r e l a t e d  t o  w o r ld  c l a s s  l e v e l .  
F u r t h e r ,  t h e  r e s u l t s  o f  t h i s  s t u d y  s h o u l d  be o f  v a l u e  i n  s e e k i n g  
e x p l a n a t i o n s  f o r  s u b - p a r  p e r f o r m a n c e s  and i n  p l a n n i n g  p r o c e d u r e s  
f o r  r e m e d i a t i o n .
A e r o b i c  and a n a e r o b i c  power have b e e n  f o u n d  t o  be  c r i t i c a l  t o  
s u c c e s s  i n  v a r i o u s  s p o r t s ,  a s  a r e  b o t h  b o d y  c o m p o s i t i o n  a n d  
p h y s i q u e .  T he  d e g r e e  t o  w h i c h  t h e s e  e l e m e n t s  i n t e r a c t  w i t h  
p e r f o r m a n c e  i n  s o c c e r  i s  n o t  w e l l  known  a t  t h i s  t i m e .  A l t h o u g h  
d i r e c t  p h y s i c a l  a n d  p h y s i o l o g i c a l  a s s e s s m e n t s  have se ldom been
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s y s t e m a t i c a l l y  u s e d  o n  e l i t e  s o o o e r  p l a y e r s ,  v a l i d  and r e l i a b l e  
l a b o r a t o r y  t e s t s  a r e  a v a i l a b l e .  T h o s e  t e s t s  c o u l d  be u s e f u l  i n  
p r e d i c t i n g  a n  a t h l e t e ' s  p o t e n t i a l  f o r  s u c c e s s  i n  s o c c e r  
c o m p e t i t i o n  i f  a  v a l i d  p h y s i o l o g i c a l  a n d  a n t h r o p o m e t r i c  p r o f i l e  
were  a v a i l a b l e .
P s y c h o l o g i c a l  s t a t e s  and t r a i t s  a l s o  p l a y  an  i m p o r t a n t  r o l e  
i n  s p o r t s .  A t h l e t e s  s o m e t i m e s  l a c k  t h e  o p t i m a l  p h y s i o l o g i c a l  
s t a n d a r d  f o r  a  p a r t i c u l a r  l e v e l ,  b u t  a r e  fo und  t o  p e r f o rm  v e r y  
w e l l .  The e x p l a n a t i o n  f o r  t h e i r  s u c c e s s  i n  t h i s  c a s e  i s  u s u a l l y  
a t t r i b u t e d  t o  p s y c h o l o g i c a l  f a c t o r s  (Morgan,  1 9 7 9 ) .  I n  h i g h  l e v e l  
p e r f o r m a n c e  when l i t t l e  d i f f e r e n c e  e x i s t s  i n  s k i l l  o r  p h y s i c a l  
c h a r a c t e r i s t i c s ,  p s y c h o l o g i c a l  a s s e t s  a r e  p a r t i c u l a r l y  v a l u a b l e  
t o o l s  f o r  t h e  p r e p a r a t i o n  o f  t h e  a t h l e t e  f o r  c o m p e t i t i o n ,  p e r h a p s  
making t h e  d i f f e r e n c e  b e tw een  w i n n i n g  o r  l o s i n g  a s o c c e r  m a tc h .
Owing t o  t h e  s h o r t a g e  o f  i n f o r m a t i o n  ab o u t  t h e  p h y s i o l o g i c a l  
a s  w e l l  a s  p s y c h o l o g i c a l  p r o f i l e s  o f  w o r ld  c l a s s  s o c c e r  a t h l e t e s ,  
t h i s  i n v e s t i g a t i o n  w i l l  add s p e c i f i c a l l y  t o  t h e  l i t e r a t u r e  on t h i s  
s p o r t  a n d  may e n c o u r a g e  o t h e r s  t o  f o l l o w  t h e  same p a t h  f o r  f u t u r e  
s t u d i e s .  The need  i s  c r i t i c a l ,  t h i s  b e i n g  one o f  t h e  w o r l d ' 3 most  
p o p u l a r  s p o r t s  among p l a y e r s  a n d  s p e c t a t o r s ,  b u t  one  t o  which 
a t t e n t i o n  o f  s c i e n t i s t s  h a s  n o t  been  a p p r o p r i a t e l y  d i r e c t e d .
CHAPTER I I  
MATERIALS AND METHODS
S u b j e c t s
S u b j e c t s  we re  t h e  members o f  t h e  K u w a i t i  N a t i o n a l  S o c c e r  Team 
who competed i n  t h e  1982 World Cup c h a m p i o n s h i p s .  Th e s u b j e c t s  
w e r e  i n f o r m e d  o f  t h e  n a t u r e  o f  t h e  i n v e s t i g a t i o n  b e f o r e  t h e  
commencement o f  an y  t e s t s  and were a s k e d  t o  s i g n  a c o n s e n t  fo rm  i n  
a c c o r d a n c e  w i t h  t h e  Human Use C o m m i t t e e  a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y .
Maximal Oxygen Consumpt ion
V02 max was  m e a s u r e d  u s i n g  an  E r g o - o x y s c r e e n  ( E r i c h  J a e g e r ,  
Appendix  A) t h a t  d e t e r m i n e d  t h e  m i n u t e  v e n t i l a t i o n ,  b r e a t h i n g  
f r e q u e n c y ,  r e s p i r a t o r y  q u o t i e n t ,  h e a r t  r a t e ,  oxygen u p t a k e ,  c a r b o n  
d i o x i d e  o u t p u t ,  r e l a t i v e  oxygen  u p t a k e ,  a n d  o x y g e n  p u l s e  d u r i n g  
m a x i m a l  w o r k .  T he  E r g o - o x y s c r e e n  i s  an s e m i - o p e n  c i r c u i t  d e v i c e  
t h a t  i s  composed o f  s u b u n i t s  f o r  m e a s u r i n g  m i n u t e  v e n t i l a t i o n ,  
r e s p i r a t o r y  g a s e s  and h e a r t  r a t e .
E x p i r a t o r y  f l o w  i s  m easu red  t h r o u g h  a  pn eu m o ta c h o g rap h  which 
i s  i n t e g r a t e d  t o  t h e  e x p i r a t o r y  volume and a s s a y e d  o v e r  30 s e c o n d  
p e r i o d s .  At t h e  sam e t i m e ,  t h e  e x p i r a t o r y  a i r  i s  c o l l e c t e d  i n  a 
s e m i - o p e n  b r e a t h i n g  bag from which a  c o n t i n u o u s  s a m p l e  i s  t a k e n .  
T h e  g a s  a n a l y s i s  f o r  c a r b o n  d i o x i d e  i s  b a s e d  o n  t h e  i n f r a r e d
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a b s o r p t i o n  p r i n c i p l e  and t h e  oxygen c o n c e n t r a t i o n  i s  d e t e r m i n e d  by 
t h e  p a r a m a g n e t i c  s u s c e p t i b i l i t y  o f  oxyg en .
F o r  h e a r t  r a t e  m e a s u r e m e n t s ,  e l e c t r o c a r d i o g r a m  (ECG) 
e l e c t r o d e s  were  p l a c e d  on t h e  s u b j e c t s ,  u s i n g  l e a d  V6 i n  o r d e r  t o  
g e t  a g o o d  R p e a k .  An e x t e r n a l  ECG a m p l i f i e r  wh ich  m e a s u r e s  t h e  
R-R i n t e r v a l  was u s e d ,  w i t h  t h e  r e s u l t i n g  h e a r t  r a t e  b e i n g  f e d  t o  
t h e  e v a l u a t i o n  u n i t  o f  t h e  i n s t r u m e n t .
The e v a l u a t i o n  u n i t  c o n s i s t e d  o f  a  m i c r o - p r o c e s s o r  f o r  t h e  
a c q u i s i t i o n  and s u b s e q u e n t  t r e a t m e n t  o f  t h e  a c c u m u l a t e d  d a t a .  I t  
i n c l u d e d  a  k e y b o a r d  f o r  i n p u t  a n d  c o n t r o l  o f  t h e  m e a s u r i n g  
p r o c e s s ,  d i s p l a y s  f o r  s y s t e m  co m m u n ica t io n ,  and a  t h e r m a l  p r i n t e r .
A l l  t h e  c a l i b r a t i o n s  were  done u n d e r  am bien t  t e m p e r a t u r e  a n d  
p r e s s u r e  (ATP) c o n d i t i o n s  p r i o r  t o  e a c h  work b o u t .  The m in u te  
v e n t i l a t i o n  c a l i b r a t i o n  w as  d o n e  b y  c o n n e c t i n g  a o n e  l i t e r  
c a l i b r a t i o n  pump t o  t h e  b r e a t h i n g  t u b e ,  w i t h  t h e  z e r o  a d j u s t m e n t  
b e i n g  c a r r i e d  o u t  a u t o m a t i c a l l y  by  t h e  m a c h i n e .  The g a s  s a m p l e  
w as  d r i e d  b e f o r e  i t  e n t e r e d  t h e  a n a l y z e r  p o r t .  The a b s o r b a n t  was 
changed b e f o r e  e a c h  measuremen t  t o  a v o i d  p r e s s u r e  a n d  r e s i s t a n c e  
c h a n g e s  i n  t h e  a n a l y z e r  s y s t e m .  Gas  a n a l y z e r s  were  c a l i b r a t e d  
a g a i n s t  s t a n d a r d s  p r o v i d e d  by h o c i e d a d  E s p a n o l a  Del  Oxigeno ,  S .A.
Once t h e  c a l i b r a t i o n s  w e r e  c o m p l e t e ,  t h e  s u b j e c t s *  number,  
age  i n  y e a r s ,  h e i g h t  i n  c e n t i m e t e r s ,  w e ig h t  i n  k i l o g r a m s ,  a n d  t h e  
b a r o m e t r i c  p r e s s u r e  w e r e  f e d  t o  t h e  e v a l u a t i o n  u n i t  v i a  t h e
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k e y b o a r d .  D a t a  w e r e  p r i n t e d  o u t  e v e r y  30 s e c o n d s  a n d  an y  
i n t e r r u p t i o n  o f  t h e  b r e a t h i n g  m a n e u v e r ,  s u c h  a s  l o s s  o f  
m o u t h p ie c e ,  c a u s e d  t h e  p rogram t o  s t o p .
The s u b j e c t s  p e r f o r m e d  t h e  max t e s t  on  a  c y c l e  e r g o m e t e r  a t  
60  rp m ,  u s i n g  a c o n t i n u o u s  p r o t o c o l  o f  g r a d e d  e x e r c i s e .  The l o a d  
s t a r t e d  a t  25 w a t t s  and w as  i n c r e a s e d  by  25 w a t t s  e v e r y  m i n u t e  
u n t i l  e x h a u s t i o n .  The c r i t e r i o n  f o r  a c t u a l  a c h i e v e m e n t  o f  V02 max 
was t h e  o c c u r r e n c e  o f  no f u r t h e r  i n c r e a s e  i n  V02 w i t h  i n c r e a s e d  
work l o a d .
V e r t i c a l  jump w a s  m e a s u r e d  u s i n g  a s p e c i a l  d e v i c e  d e v e lo p e d  
f o r  t h i s  s t u d y .  The d e v i c e  c o n s i s t e d  o f  a  r e c t a n g u l a r  m e t a l  b a s e  
w i t h  a r e t r a c t a b l e  m e a s u r i n g  t a p e  a t t a c h e d  t o  t h e  c e n t e r .  The 
f r e e  e n d  o f  t h e  t a p e  w as  t h e n  a t t a c h e d  t o  a b e l t  w o r n  by t h e  
s u b j e c t .  F o l l o w i n g  r e a d i n g s  a t  t h e  s t a n d i n g  p o s i t i o n ,  t h r e e  
v e r t i c a l  j u m p s  w e r e  m a d e ,  t h e  h i g h e s t  v a l u e  b e i n g  u s e d  i n  t h e  
c a l c u l a t i o n  o f  p o w e r  u s i n g  t h e  L e w i s  f o r m u l a :  (V4.9 x w e ig h t  x 
V d ) ,  where  D i s  e q u a l  t o  t h e  v e r t i c a l  jump s c o r e .
Body t y p e  was d e t e r m i n e d  by t h e  m o d i f i e d  H e a t h - C a r t e r  (1 967)  
metho d,  an  a n t h r o p o m e t r i c  means o f  o b t a i n i n g  body t y p e .
The f i r s t  c o m p o n e n t  r a t i n g  ( E n d o m o r p h y l . S k i n f o l d s  were  
o b t a i n e d  w i t h  Lange c a l i p e r s ,  w i t h  a c a l i p e r  p r e s s u r e  o f  10 grams
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o
p e r  mm , o n  t h e  d o m i n a n t  s i d e  o f  t h e  b o d y  a t  f o u r  s i t e s .  
M e a s u r e m e n t s  w e r e  t a k e n  i n  m i l l i m e t e r s  o v e r  t h e  t r i c e p s ,  
s u b - s c a p u l a r ,  s u p r a i l i a c ,  and m e d i a l  c a l f .  C a l c u l a t i o n s  we re  made 
f o r  endomorphy f r om  t h e  sum o f  t h e  f i r s t  t h r e e .
T h e  s e c o n d  c o m p o n e n t  r a t i n g  ( M e s o r o o r p h v ) . E p i c o n d y l a r  
hum erus  w i d t h  was t a k e n  a t  90° f l e x e d  e lb o w ,  and e p i c o n d y l a r  femur
O
w i d t h  a t  90 k nee  f l e x i o n ,  w i t h  t h e  s u b j e c t  i n  a  s e a t e d  p o s i t i o n .  
M e a s u r e s  w e r e  i n  c e n t i m e t e r s ,  u s i n g  s p r e a d  c a l i p e r s  o n  t h e  
d o m i n a n t  s i d e  o f  t h e  b o d y .  H e i g h t  w a s  m e a s u r e d  u s i n g  a 
s t a d i o m e t e r  and a  m e d i c a l  s c a l e  was u s ed  f o r  w e i g h t .  The l a r g e s t  
u p p e r  arm g i r t h  a r o u n d  t h e  f l e x e d  and t e n s e d  a rm  a n d  t h e  maximum 
s t a n d i n g  c a l f  g i r t h ,  a g a i n  on t h e  d o m in a n t  s i d e  o f  t h e  body,  was 
t a k e n  i n  c e n t i m e t e r s  u s i n g  a c l o t h  t a p e .  T h e s e ,  a l o n g  w i t h  
t r i c e p s  a n d  c a l f  s k i n f o l d s  were  u s e d  t o  c a l c u l a t e  t h e  mesomorphic  
component .
The t h i r d  component  r a t i n g  ( E c to m o r p h v ) . Weight  i n  k i l o g r a m s  
a n d  h e i g h t  i n  c e n t i m e t e r s  were u s e d  t o  c a l c u l a t e  t h e  e c to m o r p h ic  
component .
H e a t h - C a r t e r  s o m a t o t y p e  t a b l e s  w e re  u sed  f o r  r a t i n g  a l l  t h e  
t h r e e  c o m p o n e n t s  t o  d e t e r m i n e  t h e  a n t h r o p o m e t r i c  s o m a t o t y p e s  
( C a r t e r ,  1 9 7 5 ) .  S o m a t o c h a r t s  were  u s e d  f o r  c o m p a r i s o n  w i t h  o t h e r  
p o p u l a t i o n s .
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Body C o m p o s i t i o n
S k i n f o l d  m ea s u r e m en t s  were  t a k e n  a t  t h e  f o l l o w i n g  s i t e s :
1) S u b s c a p u l a r  -  f o l d  r u n n i n g  downward and l a t e r a l l y  a t  a b o u t  
30 t o  v e r t i c a l  f r o m  i n f e r i o r  a n g l e  o f  s c a p u l a ;  2) ab d o m in a l  -  
h o r i z o n t a l  f o l d  on a n t e r i o r  abd om ina l  w a l l  h a l f w a y  f rom u m b i l i c u s  
t o  m i d - a x i l l a r y  l i n e ;  3) c h e s t  -  o b l i q u e  f o l d  on t h e  l i n e  j o i n i n g  
t h e  a n t e r i o r  a x i l l a  h a l f w a y  f rom  n i p p l e ;  *1) t r i c e p s  -  h a l f w a y  o f  
t h e  u p p e r  arm b e t w e e n  t h e  ac ro m ium  and t h e  o l e c r a n o n  p r o c e s s  on 
t h e  d o r s a l  s i d e .
The f o r m u l a  o f  F o r s y t h  and S i n n i n g  (1 973)  was a p p l i e d  f o r  t h e  
d e t e r m i n a t i o n  o f  body d e n s i t y .  The p e r  c e n t  body f a t  was computed 
t o  t h e  e q u a t i o n  o f  S i r i  ( 1 9 5 6 ) :
% F a t  = (4 .950/DB  -  4 . 5 0 0 )  x 100 
Lean body w e i g h t  was c a l c u l a t e d  by t h e  f o l l o w i n g  e q u a t i o n :  
Body w e i g h t  -  w e i g h t  o f  f a t  w h e r e  f a t  w e i g h t  i s  c a l c u l a t e d  by: 
f a t  w e i g h t  = % F a t / 1 0 0  x body w e i g h t .
P s y c h o l o g i c a l  T e s t i n g
T r a n s l a t e d  v e r s i o n s  o f  t h e  S t a t e - T r a i t  A n x i e t y  I n v e n t o r y  
( STAI) and P r o f i l e  o f  Mood S t a t e s  (POMS) (Appendix  B) i n v e n t o r i e s  
w e r e  a d m i n i s t e r e d  ( S p i e l b e r g e r . e t  a l . ,  1 9 7 0 ;  M c N a i r ,  e t  a l . ,  
1 9 7 1 ) .  The t e s t s  were  a p p l i e d  d u r i n g  a p p r o p r i a t e  p e r i o d s  o f  t h e  
W o r l d  Cup Games s o  a s  t o  a v o i d  i n t e r f e r e n c e  b y  t h e  e m o t i o n a l  
e f f e c t s  o f  im p en d in g  o r  j u s t  c o m p le t ed  c o m p e t i t i o n .  The POMS was
45
g i v e n  a g a i n  18 m o n t h s  l a t e r  t o  a s c e r t a i n  w h e t h e r  t h e r e  m ig h t  be 
d i f f e r e n c e s  i n  mood s t a t e s  u n d e r  l e s s  s t r e s s f u l  c i r c u m s t a n c e s .  
S t a t i s t i c a l  A n a l y s i s
D e s c r i p t i v e  s t a t i s t i c s  were a p p l i e d  f o r  t h e  a n a l y s i s  o f  d a t a .  
M e a n s  a n d  s t a n d a r d  d e v i a t i o n s  w e r e  c o m p u t e d .  P e a r s o n  
p r o d u c t - m o m e n t  c o r r e l a t i o n s  w e r e  c a l c u l a t e d  t o  q u a n t i f y  
r e l a t i o n s h i p s  b e t w e e n  p h y s i o l o g i c a l  a n d  p s y c h o l o g i c a l  d a t a .  
F u r t h e r  a n a l y s e s  w e re  done i n  t h e  form o f  a n a l y s i s  o f  v a r i a n c e  i n  
o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  p o s i t i o n  a n d  o f  
s t a r t e r / s u b s t i t u t e  r o l e .  S i g n i f i c a n t  £ - r a t i o s  we re  f o l l o w e d  by a 
D uncan’s  m u l t i p l e  r a n g e  t e s t .  I n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e r e  
w e re  d i f f e r e n c e s  i n  POMS s c o r e s  f r om  World  Cup t e s t i n g  t o  s c o r e s  
18 mon ths  l a t e r  a p a i r e d  i - t e s t  was c a l c u l a t e d .  An a l p h a  l e v e l  o f  
. 0 5  was s e l e c t e d  f o r  a l l  a n a l y s e s .
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W h i l e  s o c c e r  i s  b e l i e v e d  by many t o  be a  s p o r t  t h a t  p l a c e s  
heavy  demands on t h e  a e r o b i c  e n e r g y  s y s t e m ,  co m p ar i so n  o f  maximum 
o x y g e n  c o n s u m p t i o n  o f  s o c c e r  p l a y e r s  w i t h  p a r t i c i p a n t s  i n  o t h e r  
s p o r t s  i s  n o t  s u p p o r t i v e  o f  t h i s  c o n c e p t .  The m e a n  m a x i m a l  
a e r o b i c  p o w e r  o f  t h e  K u w a i t i  W o r l d  Cup S o c c e r  Team o f  1982 was 
5 1 . 9  m l /k g - m i n  1 ( F i g u r e  1 ) .  Amer ican f o o t b a l l  p l a y e r s  h a v e  b e e n  
r e p o r t e d  t o  h a v e  maximum o x y g e n  c o n s u m p t i o n s  o f  5 6 . 5 ,  5 1 . 3 ,  and
5 0 .1  ml /k g*m in  1 ( S m i th  & B yrd ,  1976;  Novak,  e t  a l . ,  1969; Wilmore 
& H a s k e l l ,  1 9 7 2 ) .  V a lu e s  f o r  b a s k e t b a l l  p l a y e r s  we re  5 0 . 4 ,  w h i l e  
t h o s e  o f  m a ra th o n  r u n n e r s  and m i d d l e - l o n g  d i s t a n c e  r u n n e r s  w e r e
7 4 . 1  a n d  7 8 . 7 ,  r e s p e c t i v e l y  ( P o l l o c k ,  e t  a l . ,  1 9 75) .  S a l t i n  and
O
A s t r a n d  (1967)  r e p o r t e d  s c o r e s  f o r  g r o u p s  o f  o u t s t a n d i n g  a t h l e t e s  
t o  r a n g e  f r o m  57 t o  82 m l / k g - m i n  1 . E x a m i n a t i o n  o f  F i g u r e  1 
i l l u s t r a t e s  c l e a r l y  t h a t  t h e  c a p a c i t y  o f  t h e  K u w a i t i  W o r ld  Cup 
S o c c e r  Team f o r  a e r o b i c  m e t a b o l i s m  i s  t o w a r d  t h e  c e n t e r  o f  t h e  
co n t in u u m  f o r  e l i t e  a t h l e t e s .
-1
T h e r e  m i g h t  be n a t u r a l  c o n j e c t u r e  t h a t  t h e  5 1 . 9  m l /k g - m i n  
i n  t h e  p r e s e n t  s t u d y  s i m p l y  i l l u s t r a t e s  a l a c k  o f  a d e q u a t e  a e r o b i c  
f i t n e s s  i n  t h e  K u w a i t i  Team,  a  p o s s i b l e  e x p l a n a t i o n  o f  t h e i r
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Figure 1. Mean Relative Maximal Oxygen Consumption of Elite 
Athletes in Various Sports.
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f a i l u r e  t o  f a r e  e x c e p t i o n a l l y  w e l l  i n  t h e  World Cup C h am p io n sh ip s .  
I t  s h o u l d  b e  n o t e d  t h a t  t h e  a e r o b i c  p o w e r  o f  M o r o c c a n  O l y m p i c  
s o c c e r  a t h l e t e s  was 53*2 m l / k g - m i n  (Novak,  e t  a l . ,  1 9 7 8 ) ,  w h i l e  
t h a t  o f  18 p r o f e s s i o n a l  p l a y e r s  i n  t h e  N o r t h  A m e r i c a n  S o c c e r  
L e a g u e  w a s  5 8 . 4  (Raven,  e t  a l . ,  1976) ( F i g u r e  2 ) .  I n  c o n s i d e r i n g  
t h e  somewhat  h i g h e r  l e v e l  o f  t h e  p r o f e s s i o n a l s ,  one  must  c o n s i d e r  
t h a t  b o t h  h a d  u s e d  t h e  t r e a d m i l l  i n  o b t a i n i n g  V02 max, w h i l e  i n  
t h e  a m a t e u r s ,  t h e  c y c l e  e r g o m e t e r  w as  u s e d .  T r e a d m i l l  p r o t o c o l s  
c o n s i s t e n t l y  y i e l d  h i g h e r  V02 max v a l u e s  t h a n  on  t h e  c y c l e  
e r g o m e t e r .  V a lu e s  o f  5 ,  6 ,  8 ,  1 1 ,  1 0 . 2  t o  1 1 . 2  a n d  17 p e r  c e n t  
h i g h e r  V02 max o n  t h e  t r e a d m i l l  compared t o  t h e  c y c l e  e r g o m e t e r
O
have  been  o b t a i n e d  ( A s t r a n d  & S a l t i n ,  1961; H e r m a n s e n ,  E k b l o m ,  & 
S a l t i n ,  1 9 7 0 ;  G l a s s f o r d ,  B a y c r o f t ,  S e d g w i c k ,  & McNab,  1 9 6 5 ;  
F a u l k n e r ,  R o b e r t s ,  E l k ,  & Conway, 1971; McArdle ,  K a tc h ,  & P e c h a r ,  
1 9 7 3 ;  & W i c k s ,  S u t t o n ,  O l d r i d g e ,  & J o n e s ,  1 9 7 8 ) .  H e n c e ,  t h e  
a p p r o x i m a t e l y  10% h i g h e r  V02 max v a l u e  i n  t h e  p r o f e s s i o n a l s  may be 
a c c o u n t e d  f o r  by  t h e  d i f f e r e n c e  i n  e x e r c i s e  t e s t i n g  m o d e .  A 
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  p h e n o m e n o n  i s  t h e  l a r g e r  m u s c l e  
g r o u p s  t h a t  a r e  u s e d  i n  r u n n i n g  on  a  t r e a d m i l l  t h a n  c y c l i n g  t h e  
b i c y c l e  e r g o m e t e r ,  and t h e  more r a p i d  l o c a l  f a t i g u e  o f  t h e  s m a l l e r  
m u s c l e  m a s s  on t h e  c y c l e  e r g o m e t e r  t h a t  p r e v e n t s  t h e  s u b j e c t  f rom 
r e a c h i n g  a h i g h e r  V02 max.
While  t h e  p r e s e n t  d a t a  c a n  p r o v i d e  no s u p p o r t  f o r  a t t r i b u t i o n
Figure 2. Means and Standard Deviations for V02 max of Elite Soccer Players.
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o f  a e r o b i c  p o w e r  t o  s e l e c t i o n  o r  t o  t r a i n i n g ,  F a r d y  ( 1 9 6 9 )  
r e p o r t e d  a  1 4 . 6% i n c r e a s e  i n  a e r o b i c  p o w e r  o f  c o l l e g e  p l a y e r s  
a f t e r  f i v e  w e e k s  o f  s o c c e r  t r a i n i n g .  N o n t h e l e s s ,  o n e  m i g h t  
c o n c l u d e  t h a t  a  h i g h e r  c a p a c i t y  f o r  a e r o b i c  m e t a b o l i s m  i s  p r o b a b l y  
n o t  a c r i t i c a l  f a c t o r  f o r  s u c c e s s  o f  e l i t e  a m a t e u r  p l a y e r s ,  
c o n s i d e r i n g  t h a t  t h e  K u w a i t i  t e a m  s u r v i v e d  a  demanding w o r l d - w i d e  
t o u r n a m e n t ,  e n t e r i n g  t h e  W o r ld  Cup f i n a l s  a s  one o f  t h e  t o p  24 
t e a m s .
I n  e x a m i n a t i o n  o f  a e r o b i c  c a p a c i t y  b y  p o s i t i o n ,  no  
s i g n i f i c a n t  d i f f e r e n c e s  were fo u n d  among o f f e n s i v e ,  d e f e n s i v e ,  and 
m i d f i e l d  p l a y e r s  i n  t h e  p r e s e n t  s t u d y ,  w i t h  o n l y  t h e  g o a l k e e p e r s  
b e i n g  u n iq u e  ( l o w e r  V02 max) ( T a b l e  1 ) .  T h i s  i s  i n  c o n t r a s t  t o  
t h e  f i n d i n g s  o f  R a v e n ,  e t  a l .  ( 1 9 7 6 ) ,  who r e p o r t e d  t h e  h i g h e s t  
v a l u e s  o f  V02 max f o r  t h e  o f f e n s i v e  a n d  d e f e n s i v e  p l a y e r s ,  
f o l l o w e d  by t h e  m i d f i e l d e r s  an d  l a s t l y ,  t h e  g o a l k e e p e r s .  The 
g o a l k e e p e r s '  a c t i v i t i e s  and movem en ts  a r e  v e r y  l i m i t e d ,  w h e r e a s  
t h e  m i d f i e l d e r s  t r a v e l  t h e  g r e a t e s t  d i s t a n c e s .  R e i l l y  and Thomas 
(197 6)  m o n i t o r e d  t h e  p o s i t i o n a l  r o l e  a s  a f u n c t i o n  o f  p e r f o r m a n c e  
i n  t h e  t o t a l  d i s t a n c e  c o v e r e d  i n  s o c c e r  m at ch  p l a y  t h r o u g h o u t  a 
c o m p l e t e  s o c c e r  s e a s o n .  The t o t a l  d i s t a n c e  c o v e re d  by t h e  p l a y e r s  
p e r  game was  b e t w e e n  7 0 6 9  a n d  10921 m e t e r s ,  w i t h  a  mean o f  8680 
m e t e r s .  T h e y  f o u n d  t h a t  t h e  m i d f i e l d  p l a y e r s  c o v e r e d  
s i g n i f i c a n t l y  g r e a t e r  d i s t a n c e s  t h a n  t h e  g o a l k e e p e r ,  o f f e n s i v e ,
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T a b l e  1
Compar ison o f  R e l a t i v e  V02 max o f  P r o f e s s i o n a l ,  Amateur ,  
and J u n i o r  Amateur  S o c c e r  P l a y e r s  by P o s i t i o n
S u b j e c t s
S o c c e r
P l a y e r s
P r e s e n t  S tu d y  
(19811) 
A mateu r s
Raven ,  e t  a l .
(1 976)
P r o f e s s i o n a l s
K a n s a l ,  e t  a l .  
(1980)  
J u n i o r  Amateur
O f f e n s i v e s 5 1 . 1 * 5 . 0 * 5 9 . 6 * 2 . 7 5 0 . 0 + 1 .6
( 4 ) a (5)
M i d f i e l d e r s 55.9+11.!» 5 6 . 1 + 2 . 0 4 9 . 5 * 2 . 7
(3 ) (2)
D e f e n s i v e s 5 2 . 3 + 5 . 8 5 9 . 3 * 3 . 9 4 5 . 6 * 4 . 0
(8 ) (9 )
G o a l k e e p e r s 4 8 . 0 + 4 . 4 53.7*1.11 4 4 . 4 * 2 .1
( 3 ) (2 )
T o t a l 5 1 . 9 + 8 . 0 5 8 . 4 + 3 . 5 4 8 . 3 + 3 .3
(18 ) (1 8)
• - V a l u e s  a r e  means  + s t a n d a r d  d e v i a t i o n .  
a - V a l u e s  b e tw e e n  b r a c k e t s  shows number o f  s u b j e c t s .
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an d  t h e  d e f e n s i v e  p l a y e r s ,  s u g g e s t i n g  a  need f o r  a  h i g h e r  a e r o b i c  
f i t n e s s  l e v e l  f o r  t h e  m i d f i e l d  p l a y e r s .  When t h e  t e a m  w a s  
s u b d i v i d e d  i n t o  t h e  s t a r t e r s  and t h e  s u b s t i t u t e s ,  j L - t e s t  r e v e a l e d  
t h a t  t h e  s t a r t e r s  w e re  s i g n i f i c a n t l y  o l d e r ,  had l o w e r  HR max, and 
had a h i g h e r  r e l a t i v e  V02 max.  W h e t h e r  t h i s  w as  a f u n c t i o n  o f  
s e l e c t i o n  o r  t r a i n i n g  c a n n o t  be  d e t e r m i n e d
I n . su m m a ry ,  a e r o b i c  c a p a c i t y  a p p e a r s  t o  be v e r y  i m p o r t a n t  f o r  
a t h l e t e s  p l a y i n g  s o c c e r  a t  a  h i g h  c o m p e t i t i v e  l e v e l ,  e s p e c i a l l y  
f o r  t h e  o u t i f i e l d  p l a y e r s .  The r e q u i r e d  v a l u e s  a r e  l o w e r  t h a n  
t h o s e  o f  w o r l d - c l a s s  d i s t a n c e  r u n n e r s ,  b u t  a r e  s i g n i f i c a n t l y  
h i g h e r  t h a n  t h o s e  f o u n d  i n  t h e  n o r m a l  s e d e n t a r y  p o p u l a t i o n .  
A e ro b ic  power i s  n o t  c r i t i c a l  f o r  t h e  g o a l k e e p e r s ,  r a t h e r ,  g r e a t e r  
m u s c u l a r  power i s  n e e d e d .  I t  i s  f e l t  t h a t  t h e  Kuwait  s o c c e r  t eam ,  
e x c e p t  p e r h a p s  f o r  t h e  g o a l k e e p e r s ,  i n  o r d e r  t o  compete  i n  World 
Cup games,  s h o u l d  p o s s e s s  a  h i g h e r  p o t e n t i a l  f o r  a e r o b i c  c a p a c i t y  
t h a n  was d e m o n s t r a t e d  i n  t h i s  s t u d y .
A n a e r o b i c  Power
A n a e r o b i o  p o w e r  o f  a t h l e t e s  f r o m  v a r i o u s  s p o r t s  and e v e n t s  
h a s  b e e n  e x t e n s i v e l y  s t u d i e d  ( T a b le  2 ) .  A t h l e t e s  i n  g e n e r a l  h a v e  
h i g h e r  a n a e r o b i c  p o w e r  t h a n  n o n a t h l e t e s  a n d  t h e r e  i s  g r e a t  
d i s p a r i t y  a c r o s s  s p o r t s .  S o c c e r  p l a y e r s  i n  t h e  p r e s e n t  s t u d y  were  
c h a r a c t e r i z e d  by a n a e r o b i c  power i n t e r m e d i a t e  b e t w e e n  t h e  e x t r e m e s  
o f  f o o t b a l l  p l a y e r s  and m a r a t h o n e r s .  T h i s  f i n d i n g  s u g g e s t s  t h a t
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T a b l e  2
A n a e r o b i c  Power Compar is on  Among V a r i o u s  S p o r t s  and E v e n t s  
(Means + S t a n d a r d  D e v i a t i o n )
S p o r t N Wt(kg) VJ(cm)
Power 
( k g - m - s e c  ) S tu d y
F o o t b a l l
( C o l l e g e )
14 8 9 . 0 ± 1 0 . 8 5 5 . 9 ± 5 . 1 1 4 7 .2 * 1 7 .6 B e c k e n h o l d t ,  e t  a l .  
(1 98 3)
B a s k e t b a l l 8 8 1 . 3 * 6 .1 5 3 . 0 * 0 . 6 1 3 3 . 9 * 1 1 .4 B e c k e n h o l d t ,  e t  a l .  
(1 983)
S p r i n t e r s 5 7 0 . 5 + 7 . 3 --------------- 1 2 7 - 1±10.8 Thomson, e t  a l .  
(1 98 1)
V o l l e y b a l l 8 8 5 . 5 + 4 .5 6 7 . 0 + 1 1 . 5 126 .8 P u h l ,  e t  a l .  (1982)
W r e s t l i n g 6 7 2 . 2 +6 . 6 4 4 . 6 + 5 . 7 1 2 2 . 2 + 3 9 .3 B e c k e n h o l d t ,  e t  a l .  
(1 983)
S o c c e r 13 6 8 .5 + 7 .1 5 5 . 0 + 0 . 6 1 1 9 .6 + 1 8 .5 P r e s e n t  S tu d y  
(1 98 4)
Middle  & Long 
D i s t a n c e  Running
15 6 8 . 5 + 5 . 5 b --------------- 1 0 9 . 6 + 1 2 . 2b T a u n t o n ,  e t  a l .  
(1981 )
N o n a t h l e t e s 55 7 3 . 3 + 1 0 .6 1 0 7 .8 + ------- N e l s o n  & D o r o c i a k  
(1981)
Marathon 5 6 4 . 3 + 6 . 0 9 6 .7 + 1 2 .1 Thomson, e t  a l .  
(1981)
b = + S .E .
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s o c c e r  i s  n e i t h e r  a  h i g h l y  demanding a n a e r o b i c  a c t i v i t y  n o r  i s  i t  
p u r e l y  a e r o b i c ,  b u t  r a t h e r  combines  b o t h  e n e r g y  r e q u i r e m e n t s  t o  a 
m o d e r a t e l y  h i g h  d e g r e e .
A n a e r o b i c  p o w e r  i s  p r o b a b l y  m o re  i m p o r t a n t  t o  t o p  l e v e l  
a t h l e t e s  t h a n  t o  t h o s e  a t  l o w e r  l e v e l s  f o r  s u c c e s s  i n  s o c c e r  
p e r f o r m a n c e .  Th e w o r l d  c l a s s  a t h l e t e s  o f  t h e  p r e s e n t  s t u d y  
p o s s e s s e d  h i g h e r  a n a e r o b i c  p o w e r  t h a n  U . S .  c o l l e g e  p l a y e r s  
( B e c k e n h o l d t  & Mayhew,  1 9 8 3 ) ,  I t a l i a n  y oung  a m a t e u r s  ( C a r u ,  e t  
a l . ,  1 9 7 0 ) ,  o r  I n d i a ' s  young N a t i o n a l  s o c c e r  p l a y e r s  ( V e r m a ,  e t  
a l . ,  1979) ( F i g u r e  3 ) .  With  h i g h e r  l e v e l s  o f  s o c c e r  c h a m p i o n s h i p s  
and t o u r n a m e n t  p l a y ,  a g g r e s s i v e n e s s ,  s p e e d ,  and power becom e  more  
i m p o r t a n t .  T h i s  e x p l a i n s  t h e  s u p e r i o r i t y  o f  t h e  K u w a i t i  World Cup 
a t h l e t e s  i n  a n a e r o b i c  p o w e r  o u t p u t ,  c o m p a r e d  t o  t h e  I t a l i a n  
y o u n g s t e r s  wh o  c o m p e t e  a t  t h e  j u n i o r  l e v e l .  At  t h i s  t i m e ,  
E u r o p e a n s  have  t h e  h i g h e s t  s o c c e r  s t a n d a r d s  i n  t h e  w o r l d .  The 
f i n a l  f o u r  t e a m s  i n  t h e  198 2 s o c c e r  W o r l d  Cup were  f rom Europe  
( I t a l y ,  Germany, P o l a n d ,  and F r a n c e ) .  Thus  i t  i s  n o t  s u r p r i s i n g  
t h a t  t h e  I t a l i a n  a m a t e u r  p l a y e r s  had h i g h e r  a n a e r o b i c  power t h a n  
t h e  I n d i a n  J u n i o r  N a t i o n a l  r e p r e s e n t a t i v e s  o r  t h e  U . S .  c o l l e g e  
p l a y e r s .  The E u r o p e a n  s o c c e r  s t a n d a r d s  a t  a l l  l e v e l s  a r e  h i g h e r  
t h a n  t h e  c o r r e s p o n d i n g  A s ian  o r  N o r th  Amer ican  l e v e l s .
Th e re  a p p e a r s  t o  be  a  p o s i t i o n a l  r o l e  e f f e c t  on t h e  a n a e r o b i c  
power ( F i g u r e  4 ) .  C a ru ,  e t  a l .  ( 19 7 0 )  a n d  V e rm a ,  e t  a l .  ( 19 7 9 )
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Figure 4. Comparison of Anaerobic Power of Soccer 
Players According to Position.
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f o u n d  g o a l k e e p e r s  t o  have t h e  h i g h e s t  a n a e r o b i o  power ,  w h i l e  t h e  
d e f e n s i v e s  r a n k e d  s e c o n d .  These  p o s i t i o n s  w e r e  r e v e r s e d  i n  t h e  
p r e s e n t  p r o j e c t ,  b u t  co m bin ing  d a t a  o f  t h e  t h r e e  s t u d i e s  c l e a r l y  
i n d i c a t e s  a  d i cho tom y  by p o s i t i o n .  The g o a l k e e p e r s  and d e f e n s i v e s  
( x  = 120 a n d  117 k g - m / s e c ,  r e s p e c t i v e l y )  l i e  i n  one g r o u p ,  w i t h  
t h e  m i d f i e l d e r s  and o f f e n s i v e s  (x  = 107 and 108) e x h i b i t i n g  l o w e r  
v a l u e s .  D a t a  a c r o s s  t h e  t h r e e  s t u d i e s  w e re  f a i r l y  c o n s i s t e n t ,  
e x c e p t  f o r  t h e  much low er  a n a e r o b i c  power o f  t h e  I n d i a n  o f f e n s i v e s  
(Verma,  e t  a l . ,  1 9 7 9 ) .
The h i g h  a n a e r o b i c  power o f  t h e  g o a l k e e p e r s ,  d e f e n s i v e s  and 
t h e  o f f e n s i v e  p l a y e r s  i n  t h e  p r e s e n t  s t u d y  r e f l e c t  t h e  r o l e  o f  
t h e s e  p o s i t i o n s  and t h e i r  r e q u i r e m e n t s  i n  h i g h  s t a n d a r d  p l a y .  The 
K u w a i t i  m i d f i e l d e r s '  s t r a t e g y  was t o  r u n  up an d  down t h e  e n t i r e  
s o c c e r  f i e l d  i n  o r d e r  t o  s u p p o r t  b o t h  t h e  o f f e n s i v e  an d  t h e  
d e f e n s i v e  p l a y e r s  i n  t h e i r  e x e c u t i o n  o f  t a c t i c s  an d  s t r a t e g i e s .  
T h u s ,  t h e  demand  f o r  a e r o b i c  power f o r  t h e  m i d f i e l d e r s  was much 
more p ro n o u n c ed  t h a n  was t h e  need f o r  a n a e r o b i c  pow er .  The s h o r t  
s p r i n t s  a n d  v i o l e n t  m u s c u l a r  a c t i v i t y  was more p ronounced  i n  t h e  
o f f e n s i v e ,  d e f e n s i v e ,  and t h e  g o a l k e e p e r s ,  n o t  r e q u i r i n g  t h e  m ore  
c o n s i s t e n t  p r o l o n g e d  w o r k  c h a r a c t e r i s t i c  o f  t h e  K u w a i t i  
m i d f i e l d e r s .  I t  i s  o f  i n t e r e s t  t o  c o n s i d e r  t h e  d e g r e e  t o  w h i c h  
p o s i t i o n a l  d e m a n d s  o f  a e r o b i c / a n a e r o b i c  c a p a c i t i e s  p r e d e t e r m i n e  
t h e  p o t e n t i a l  f o r  s u c c e s s  by i n d i v i d u a l s .  How much a r e  p l a y e r s '
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c h a r a c t e r i s t i c s  a  f u n c t i o n  o f  s e l e c t i o n  and t o  what  d e g r e e  a r e  
c a p a c i t i e s  molded by t r a i n i n g ,  c o m p e t i t i o n  and c o a c h e s '  s t r a t e g y ?  
The a n s w e r s  a r e  b e y o n d  t h e  s c o p e  o f  t h e  p r e s e n t  d a t a ,  b u t  a r e  
n o n t h e l e s s  i m p o r t a n t .
A m o t i o n  a n a l y s i s  o f  w o r k - r a t e  i n  p r o f e s s i o n a l  s o c c e r  
m a t c h - p l a y  ( R e i l l y  & Thomas,  1976) r e v e a l e d  t h a t ,  on t h e  a v e r a g e ,  
a  s o c c e r  p l a y e r  j o g g e d  3187  m e t e r s ,  w a l k e d  2 1 5 0  m e t e r s ,  an d  
s p r i n t e d  97*1 m e t e r s  p e r  game.  I n  s u p p o r t  o f  t h e  d a t a  i n  F i g u r e  
t h e y  a l s o  r e v e a l e d  p o s i t i o n a l  r o l e  d i f f e r e n c e s ,  w i t h  t h e  
m i d f i e l d e r s  c o v e r i n g  s i g n i f i c a n t l y  g r e a t e r  d i s t a n c e s  t h a n  t h e  
o f f e n s i v e s ,  d e f e n s i v e s ,  or  g o a l k e e p e r s .  T h i s  s u g g e s t s  t h a t  a  more 
p r o l o n g e d ,  l o w e r  w o r k - r a t e  i s  a r e q u i r e m e n t  f o r  t h e  m i d f i e l d  
p l a y e r .  C o n v e r s e l y ,  t h e  o f f e n s i v e s  and t h e  d e f e n s i v e  p l a y e r s  we re  
more i n v o l v e d  i n  s p r i n t  a c t i v i t y .  S p e e d  e n d u r a n c e  t r a i n i n g  was  
a d v i s e d  f o r  t h o s e  a t h l e t e s .  The g o a l k e e p e r s  need g r e a t  a n a e r o b i c  
power f o r  s u c c e s s f u l  ju m pin g  and f o r  s h o r t  s p r i n t s .  R e i l l y  a n d  
Th om as  ( 1 9 7 6 )  n o t e d  r e l a t i v e l y  s h o r t  d i s t a n c e s  c o v e r e d  by t h e  
g o a l k e e p e r  i n  q u i c k  movements w i t h  and w i t h o u t  p o s s e s s i o n  o f  t h e  
b a l l ,  s u p p o r t i n g  t h e  need f o r  a n a e r o b i c  r a t h e r  t h a n  a e r o b i c  power 
f o r  t h i s  p o s i t i o n .
Compar ison among t h e  s t a r t e r s  ( t h e  e l e v e n  p l a y e r s  who u s u a l l y  
s t a r t  t h e  m a t c h )  a n d  t h e  s u b s t i t u t e s  ( t h e  r e s t  o f  t h e  t e a m )  
r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e s  i n  a n a e r o b i c  power b e tw e e n  t h e
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tw o  g r o u p s  ( T a b l e  3 ) .  The s t a r t e r s  w e r e  s i g n i f i c a n t l y  o l d e r ;  
c o n s i d e r i n g  t h a t  a n a e r o b i c  p o w e r  d e c r e a s e s  a s  a g e  i n c r e a s e s  
( M a r g a r i a ,  e t  a l . , 1 9 6 6 ) ,  o n e  m i g h t  p o i n t  t o  t h i s  a s  a  f a c t o r  
r e l a t e d  t o  l a c k  o f  s u p e r i o r i t y  o f  t h e  s t a r t e r s .  However,  t h e  f a c t  
t h a t  c o n c e n t r a t i o n  i n  b o t h  t r a i n i n g  and m a t c h e s  i s  a lw ays  f o c u s s e d  
on t h e  s t a r t e r s ,  i t  m i g h t  be e x p e c t e d  t h a t  t h i s  w o u l d  m ore  t h a n  
o f f s e t  a n y  a g e - r e l a t e d  d e f i c i e n c y .  A n o th e r  c o n f o u n d i n g  f a c t o r  i s  
t h a t  t h e  hea vy  p r e - W o r l d  Cup s c h e d u l e  m i g h t  h a v e  h a d  a  t e l l i n g  
e f f e c t  on  t h e  s t a r t e r s ,  r e s u l t i n g  i n  some r e s i d u a l  f a t i g u e  and 
l o s s  o f  a n a e r o b i c  power ( T s c h i e n e ,  1 9 7 2 ) .  F i n a l l y ,  c o n s i d e r i n g  
t h a t  e v e n  s u b s t i t u t e s  on a  World Cup team would  be e x p e c t e d  t o  be 
e l i t e  a t h l e t e s ,  w e l l  s u i t e d  t o  t h e  d e m a n d s  o f  s o c c e r ,  i t  i s  
p e r h a p s  n o t  s u r p r i s i n g  t h a t  t h e y  w e r e  n o t  d i f f e r e n t  f r o m  t h e  
s t a r t e r s  i n  a n a e r o b i c  power .
I n  c o n c l u s i o n ,  d i f f e r e n c e s  i n  a n a e r o b i c  power by p o s i t i o n  
p l a y e d  a s  w e l l  a s  t h e  r a n k i n g  o f  s o o c e r  midway among o t h e r  s p o r t s  
w e r e  r e f l e c t i v e  o f  t h e  m e t a b o l i c  d e m a n d s  o f  p l a y .  Whi le  po o r  
a n a e r o b i c  power i n  u n t r a i n e d  s u b j e c t s  i s  o f t e n  ac c o m p a n ie d  by low  
l e v e l s  o f  a e r o b i c  c a p a c i t y ,  s i m u l t a n e o u s  dev e lo p m e n t  o f  e x t r e m e l y  
h i g h  a n a e r o b i c  a n d  a e r o b i c  c a p a c i t i e s  m i g h t  n o t  be p o s s i b l e .  
T hese  a p p e a r  t o  be  m u t u a l l y  e x c l u s i v e ,  w i t h  a t h l e t e s  i n  o n l y  a  few 
s p o r t s  e x h i b i t i n g  s i m u l t a n e o u s  m o d e r a t e l y  h i g h  l e v e l s  i n  b o t h .  
F a c t o r s  c o n t r i b u t i n g  t o  t h i s  l i m i t a t i o n  a r e  g e n e t i c a l l y  imposed
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T a b l e  3
A n a e r o b ic  Power o f  t h e  K u w a i t i  World Cup S o c c e r  Team -  
D i f f e r e n c e s  Between t h e  S t a r t e r s  and t h e  S u b s t i t u t e s
V a r i a b l e s S t a r t e r s S u b s t i t u t e s T o t a l
Weigh t  (kg) 6 5 . 8 + 7 .1 * 7 0 . 7 ± 6 . 5 6 8 . 5 ± 7 .1
V e r t i c a l  Jump (cm) 5 3 . 7 ± 6 .9 5 5 . 6 + 5 .9 5 5 . 0 + 6 . 0
A n a e ro b i c  Power 
( k g - m / s e c )
1 11 .9 5 ± 1 0 .9 1 2 4 . 7 2 . + 2 1 . 2 1 1 9 .6 1 + 1 8 .5
* V a lu e s  a r e  Means + S t a n d a r d  D e v i a t i o n
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s k e l e t a l  m u s e l e  f i b e r  t y p e  a s  w e l l  a s  t h e  d e m a n d s  o f  t r a i n i n g  
s p e c i f i c  t o  a s p o r t .  S o c c e r  i s  c l e a r l y  a  s p o r t  t h a t  r e w a r d s  
m o d e r a t i o n  i n  f i b e r  t y p e  d i s t r i b u t i o n  w h i l e  demanding  s i m u l t a n e o u s  
o p t i m a l  d e v e lo p m e n t  o f  b o t h  a n a e r o b i c  and a e r o b i c  c a p a c i t i e s .
Body. C o m p o s i t i o n
A t h l e t e s  g e n e r a l l y  h a v e  a  l o w e r  p e r c e n t a g e  o f  f a t  t h a n  
n o n - a t h l e t e s  ( F i g u r e  5 ) ,  b u t  a r e  h i g h e r  i n  l e a n  b o d y  m a s s .  The 
a v e r a g e  p e r  c e n t  f a t  f o r  no rm al  a d u l t  male r a n g e s  b e tw e en  15 and 
1 7 ,  w h i l e  t h a t  o f  f e m a l e s  i s  a b o u t  25 (F o x  & M a t h e w s ,  1 9 8 1 ) .  
W i l m o r e  an d  B e h n k e  ( 1 9 6 9 )  f o u n d  normal  c o l l e g e  m a le s  t o  p o s s e s s  
a b o u t  1 4 . 6  p e r  c e n t  f a t ,  w h e r e a s  J a c k s o n  a n d  P o l l o c k  ( 1 9 7 8 )  
r e p o r t e d  17 .7  p e r  c e n t  f a t  f o r  308 no rm al  m a le s  r a n g i n g  bet w een  18 
and 61 y e a r s  o f  a g e .  F a t  d e t e r m i n a t i o n  h a s  bec o m e  p o p u l a r  w i t h  
b o t h  a t h l e t e s  a n d  c o a c h e s  b e c a u s e :  ( a )  f a t  c e l l s  and a d i p o s e
t i s s u e  p e r  s e  a r e  n o t  b i o c h e m i c a l l y  a c t i v e  i n  g e n e r a t i n g  ATP 
( a d e n o s i n e  t r i p h o s p h a t e ) ,  a n  e s s e n t i a l  s u b s t a n c e  f o r  p r o d u c i n g  
n e c e s s a r y  e n e r g y  i n  t h e  w o r k i n g  m u s c l e s ;  ( b )  e x c e s s  f a t  
c o n t r i b u t e s  w e ig h t  b u t  n o t  m e t a b o l i c  a s s i s t a n c e  f o r  movement ,  and;  
( c )  e x c e s s  f a t  w e ig h t  h i n d e r s  a g i l i t y ,  power ,  and e n d u r a n c e .
I n v e s t i g a t o r s  h a v e  c a t e g o r i z e d  t h e  p e r  c e n t  f a t  o f  a t h l e t e s  
f rom d i f f e r e n t  s p o r t s  an d  e v e n t s  ( T a b l e  4 ) .  S o c c e r  p l a y e r s  o f  
w o r l d  c l a s s  ( p r e s e n t  s t u d y ) ,  p r o f e s s i o n a l  (Raven ,  e t  a l . ,  1 9 76) ,  
and u n i v e r s i t y  l e v e l  ( K a n s a l  e t  a l . ,  1 9 8 0 )  h a v e  8 . 0  t o  9 - 9  p e r
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Figure 5. Mean Per Cent Fat of Athletes in Various Sports.
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Table 4
P e r  Cen t  F a t  o f  A t h l e t e s  o f  V a r i o u s  S p o r t s
% F a t E v e n t  o r  S p o r t R e f e r e n c e
<7 .9 E l i t e  m a r a t h o n  r u n n e r s ,  
d i s t a n c e  r u n n e r s ,  c y c l i s t s ,  
Olympic swimmers,  r o w e r s ,  
s o c c e r
C o s t i l l  & Fox,  1969;  C o s t i l l ,  
e t  a l . ,  1970; P o l l o c k ,  e t  a l . ,  
1980;  H agb erg ,  e t  a l . ,  1979;  
Novak, e t  a l . ,  1978.
8 . 0 - 9 . 9 S o c c e r ,  body b u i l d e r s ,  
l a c r o s s e ,  w r e s t l e r s ,  w a te r  
p o lo
S p i t l e r ,  e t  a l ,  1980;  S h a v e r ,  
1980; Novak, e t  a l . ,  1978; 
Fah ey ,  e t  a l . ,  1975; Raven, 
e t  a l . , 1976; K a n sa l  e t  a l . ,
1980;  and p r e s e n t  s t u d y ,  1984.
1 0 . 0 - 1 1 . 9 T ra c k  a t h l e t e s P o l l o c k ,  e t  a l . ,  1974.
1 2 . 0 - 1 3 . 9 C o l l e g e  f o o t b a l l ,  b a s k e t b a l l ,  
d e c a t h l o n ,  r u g b y ,  j u d o ,  c o l l e g e  
a t h l e t e s ,  r u n n e r s  & w a l k e r s ,  
Olympic w e i g h t  l i f t e r s ,  
v o l l e y b a l l
Smith  & B yrd ,  1976,  S o d h i ,
1980;  F a r i s ,  e t  a l . ,  19 8 0 ; Maud, 
1983;  F a r m o s i ,  1980;  F o r s y t h  & 
S i n n i n g ,  1973;  W i t h e r s ,  e t  a l . ,  
1977;  Fahey ,  e t  a l . ,  1975. 
C o n lee ,  McGown, F i s h e r ,  D a l s k y ,
& R o b in so n ,  1982.
1 4 . 0 - 1 5 . 9 P r o f e s s i o n a l  s o c c e r ,  power 
l i f t e r ,  p r o f e s s i o n a l  f o o t b a l l  
r u g b y ,  n o rm a l  c o l l e g e
W i t h e r s ,  e t  a l . ,  1977; Fahey ,  
e t  a l . ,  1975; Wilmore & H a s k e l l ,  
1972;  B e l l ,  1980; Wilmore & 
Behnke,  1969; Wilmore ,  1969*
>16 .0  C o l l e g e  f o o t b a l l ,  no rm a l  a d u l t ,  Burk e ,  e t  a l . ,  1980;  J a c k s o n  &
b a s k e t b a l l ,  h o ck e y ,  d i s c u s  P o l l o c k ,  1978;  W i t h e r s ,  e t  a l . ,
t h r o w ,  s h o t  p u t  1977; F ah ey ,  e t  a l . ,  1975.
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c e n t  f a t .  U . S .  N a t i o n a l  l e v e l  b o d y  b u i l d e r s ,  a n d  w r e s t l e r s  
( F a h e y ,  e t  a l . ,  1975,  and S p i t l e r ,  D i a z ,  H o r v a t h ,  & W r ig h t ,  1 9 80) ,  
l a c r o s s e  ( S h a v e r ,  1 9 8 0 ) ,  a n d  Olympic  w a t e r  p o l o  (Novak,  e t  a l . ,  
1978) a t h l e t e s  f a l l  i n  t h e  same c a t e g o r y .  A t h l e t e s  I n v o l v e d  i n  
e v e n t s  m o r e  d e m a n d i n g  o f  e n d u r a n c e  w e r e  l e a n e r  ( < 7 . 9 ? ) .  T h i s  
g ro u p  i n c l u d e d  e l i t e  d i s t a n c e  an d  m a r a t h o n  r u n n e r s ,  c y c l i s t s ,  
O l y m p i c  s w i m m e r s ,  r o w e r s ,  a n d  a n o t h e r  g r o u p  o f  s o c c e r  p l a y e r s .  
O t h e r  s p o r t s  w i t h  d i f f e r i n g  r e q u i r e m e n t s  i n  t r a i n i n g  a n d  
c o m p e t i t i o n  a r e  a p p a r e n t l y  l e s s  d e m a n d i n g  i n  t e r m s  o f  l e a n n e s s  
( T a b l e  4 ) .
The p e r c e n t a g e  o f  f a t  f o r  s o c c e r  p l a y e r s  i n  t h e  p r e s e n t  s t u d y  
w a s  8 . 9 »  m a r k e d l y  l o w e r  t h a n  t h a t  o f  n o r m a l  n o n - a t h l e t e  m a l e  
s u b j e c t s  ( W i l m o r e  & B e h n k e ,  1969 ;  J a c k s o n  & P o l l o c k ,  1 9 7 8 ) .  At 
t h e  Olympic games o f  1968 i n  M e x i c o ,  12 t o  20 p e r  c e n t  f a t  was  
r e p o r t e d  f o r  a t h l e t e s  i n  v a r i o u s  s p o r t s  by D iP r a m p re r o ,  P i n e r a  
Li m as ,  and S a s s i  ( 1 9 7 0 ) .  T hey  f o u n d  no s i g n i f i c a n t  d i f f e r e n c e  
among t h e  d i f f e r e n t  e v e n t s  e x c e p t  f o r  r i f l e  s h o o t e r s ,  who were  
fo u n d  t o  be s i g n i f i c a n t l y  more f a t  t h a n  o t h e r  a t h l e t e s  a n d  w e r e  
a l s o  c o n s i d e r e d  t o  be  s e d e n t a r y .  F a h ey ,  e t  a l .  (1975)  compared 
f a t  o f  e l i t e  w e i g h t  t r a i n e d  a t h l e t e s  i n  t h e  s h o t  p u t ,  t h e  d i s c u s  
t h r o w ,  b o d y  b u i l d i n g ,  p o w e r  l i f t i n g ,  a n d  w e i g h t  l i f t i n g .  The 
o v e r a l l  p e r  c e n t  f a t  was 1 3 - 8 .  T h i s  mean was h i g h e r  t h a n  t h a t  o f  
t h e  w o r l d  c l a s s  s o c c e r  p l a y e r s  o f  t h e  p r e s e n t  s t u d y  ( 8 . 9 ? ) .  The
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h i g h e s t  f a t  v a l u e s  w e r e  f o u n d  i n  t h e  s h o t - p u t t e r s  a n d  d i s c u s  
t h r o w e r s  ( 1 6 . 5  and 1 6 . 4 $ ) ,  w h e r e a s  t h e  l o w e s t  v a l u e s  w e r e  among 
w r e s t l e r s ,  bo d y  b u i l d e r s ,  a n d  Olympic w e i g h t  l i f t e r s ,  w i t h  9 . 8 ,  
8 . 4 ,  and 1 2 .2  p e r  c e n t ,  r e s p e c t i v e l y .  I t  i s  n o t  c l e a r  w h e th e r  t h e  
d i f f e r e n c e  i n  p e r  c e n t  f a t  can  be a t t r i b u t e d  more t o  t h e  demand o f  
t h e  s p o r t  o r  t o  t h e  l e v e l  and s t a n d a r d  o f  t h e  c o m p e t i t i o n .  I t  i s  
g e n e r a l l y  b e l i e v e d  t h a t  s u c c e s s  i n  c o m p e t i t i o n  i n  a l m o s t  a l l  
s p o r t s  r e q u i r e s  a  low r e l a t i v e  body f a t  (Wilmore ,  1 9 8 3 ) .  A t h l e t e s  
who u t i l i z e d  w e i g h t  and power i n  t h e i r  s p o r t s  g e n e r a l l y  had more 
p e r  c e n t  f a t  and h i g h e r  l e a n  body m a s s .  L e s s  f a t  p e r c e n t a g e  i s  
c h a r a c t e r i s t i c  o f  s m a l l e r  a t h l e t e s ,  p a r t i c u l a r l y  o f  t h o s e  who need 
g r e a t  s p e e d  a n d / o r  a g i l i t y  o r  who c o m p e t e  i n  b o d y  w e i g h t  
c l a s s i f i c a t i o n s .  F o r  e x a m p l e ,  w r e s t l e r s  a n d  w e i g h t  l i f t e r s  
r e q u i r e  a  l o w e r  f a t  t o  l e a n  w e i g h t  r a t i o  b e c a u s e  t h e y  c o m p e t e  i n  
w e i g h t  d i v i s i o n s ,  s o c c e r  p l a y e r s  mus t  be f a s t  and a g i l e ,  and t h e  
ju d g em en t  o f  body b u i l d e r s  d e p e n d s  on  t h e i r  m u s c u l a r  d e f i n i t i o n  
which i s  h i n d e r e d  by a h i g h  p e r  c e n t  f a t  ( F a h e y ,  e t  a l . ,  1 9 75) .
S h a v e r  (1980)  fo u n d  s o c c e r  m i d f i e l d e r s  t o  be s l i g h t l y  t a l l e r ,  
l i g h t e r  a n d  w i t h  l e s s  f a t  t h a n  t h e  o f f e n s i v e  and t h e  d e f e n s i v e  
p l a y e r s .  T h i s  f i n d i n g  was com p a rab le  w i t h  d a t a  on d e f e n s i v e  b a c k s  
i n  A m e r i c a n  c o l l e g e  f o o t b a l l  p l a y e r s  ( S m i th  & B yrd ,  1976) (T a b le  
5 ) .  L a c r o s s e  m i d f i e l d e r s  a r e  p e r m i t t e d  t o  go up  and  down t h e  
e n t i r e  l e n g t h  o f  t h e  p l a y i n g  f i e l d ,  somewhat  s i m i l a r  t o  t h e  p l a y
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Table 5
Body C o m p o s i t i o n  Compar ison  Between S o c c e r ,  L a c r o s s e ,  
and F o o t b a l l  P l a y e r s  i n  V a r i o u s  P o s i t i o n s
S tu d y P o s i t i o n N Ht Wt * F a t LBW
P r e s e n t OF 5 1 7 4 .7 ± 6 .9 7 2 . 0 ± 6 . 6 9 . 2 ± 3 . 0 6 5 . 3 * 6 . 0
( S o c c e r )
(198 4) MD 4 1 6 8 .0 + 4 .2 6 3 . 0 + 9 . 8 6 . 2 + 0 . 5 5 9 . 2 + 9 . 5
x Age (Y rs ) DF 8 1 7 2 .6 + 5 .5 6 7 . 3 + 4 . 7 8 . 8 + 1 . 2 6 1 . 3±3. 8
= 2 4 .7 + 3 .5
GK 2 1 7 0 .0 + 2 .8 7 0 . 0 ± 1 .4 1 3 . 9±0 .2 6 0 .3 ± 1 .1
T o t a l 19 1 7 2 .1 + 5 .7 6 7 . 9 ± 6 . 7 8 . 9±2 .7 6 1 . 8 + 5 . 8
S h av er OF 10 182.2 8 0 .2 8 . 2 7 2 . 4
( L a c r o s s e )
(198 0) MD 12 1 8 7 .8 7 6 . 3 7 . 0 6 8 .7
x  Age (Y rs ) DF 8 184.5 8 1 .4 12.4 6 7 . 0
=20.3
T o t a l 30 184 .8 7 9 . 5 9 . 2 6 9 . 0
Smi th  & Byrd OB 15 1 8 1 .5 + 1 0 .2 8 3 . 1 + 3 .3 1 3 .8 + 5 .3 7 1 . 6
( F o o t b a l l )
(1976) DB 4 1 83-7+2 .9 8 0 . 4 + 4 .3 9 . 6 ± 3 . 2 7 2 . 7
x Age (Y r s ) 0L 11 1 8 9 .2 + 4 .3 97 .9 ± 8 .1 1 4 . 6 ± 2 .9 83 .5
= 1 9 .3 + 1 .7
DL 7 1 8 8 .8 + 2 .6 9 9 . 9 + 1 1 .6 1 4 . 3 ± 3 .3 8 5 .6
T o t a l 27 1 8 6 .8 + 6 .0 9 3 . 1 + 1 1 .2 1 3 . 7 + 3 .8 8 0 .3
O F = o f f e n s i v e s ;  M D = m id f ie ld e r s ;  D F = d e f e n s i v e s ;  GK = goal keepe rs ;  
O B = of f ens ive  b a c k s ;  D B =de fen s ive  b a c k s ;  O L = o f f en s iv e  l i n e m a n ;  
DL=defens ive  l i n e m a n  and l i n e b a c k e r s
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o f  m i d - f i e l d  s o c o e r  p l a y e r s  ( R e i l l y  & T h o m a s ,  1 9 7 6 )  an d  t h e  
d e f e n s i v e  b a c k s  i n  Amer ican  f o o t b a l l  whose p l a y  i s  c h a r a c t e r i z e d  
by q u i c k ,  a g i l e  m o v e m e n t s  c o u p l e d  w i t h  c o n s i d e r a b l e  amount o f  
r u n n i n g  (S m i th  & B y rd ,  1 9 7 6 ) .  The p o s i t i o n a l  demands o f  d i f f e r e n t  
s p o r t s  a r e  o b v i o u s .
P o s i t i o n a l  g r o u p i n g s  o f  t h e  p r e s e n t  p o p u l a t i o n  r e v e a l e d  a  
s i g n i f i c a n t l y  h i g h e r  p e r  c e n t  f a t  o f  g o a l k e e p e r s  c o m p a r e d  t o  
o f f e n s i v e s ,  d e f e n s i v e s ,  a n d  m i d f i e l d e r s .  T h i s  was i n  a g r eem en t  
w i t h  t h e  f i n d i n g s  o f  R a v e n ,  e t  a l .  ( 1 9 7 6 )  a n d  B e l l  a n d  R h o d e s  
( 1 9 7 5 ) .  M i d - f i e l d  p l a y e r s  i n  t h e  p r e s e n t  s t u d y  s h o w ed  a  
s i g n i f i c a n t  l o w e r  a m o u n t  o f  f a t  t i s s u e  t h a n  t h e  o f f e n s i v e  a n d  
d e f e n s i v e  p l a y e r s ,  w h e r e a s  R a v e n ,  e t  a l .  ( 1 9 7 6 )  r e p o r t e d  t h e  
d e f e n s i v e s  t o  h a v e  t h e  l o w e s t  p e r  c e n t  f a t  ( T a b l e  6 ) .  T h e  
p h y s i c a l  d e m a n d s  an d  t h e  p o s i t i o n a l  r o l e s  i n  s o c c e r  r e q u i r e  t h a t  
t h e  m i d - f i e l d  p l a y e r s  be i n  r e l a t i v e l y  c o n s t a n t  m o v em en t  up  a n d  
down t h e  l e n g t h  o f  t h e  s o c c e r  f i e l d ,  u s u a l l y  c o v e r i n g  t h e  g r e a t e s t  
d i s t a n c e  ( R e i l l y  & T h o m a s ,  1 9 7 6 ) .  T h i s  s o r t  o f  s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  p l a y e r s  o f  d i f f e r e n t  p o s i t i o n s  c o u l d  be 
e x p e c t e d  i n  any s p o r t  i n  which t h e r e  i s  c l e a r  d i f f e r e n t i a t i o n  i n  
demands o f  p l a y .
Th e 8 . 9 ?  f a t  o f  t h e  K u w a i t i  s o c c e r  team was s l i g h t l y  h i g h e r  
t h a n  t h e  v a l u e  o b t a i n e d  by Novak, e t  a l .  ( 1 9 7 8 )  o n  t h e  M o r o c c a n  
O l y m p i c  s o c o e r  t e a m  ( 6 . 2 ) .  S i g n i f i c a n t l y  h i g h e r  f a t  v a l u e s  were
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Table 6
P e r  Cen t  F a t  D i f f e r e n c e s  Among P o s i t i o n a l  G r o u p in g s  o f  S o c c e r  P l a y e r s
I .  Raven,  e t  a l .  (1 97 6)  -  P r o f e s s i o n a l  S o c c e r  -  Mean Age (Y r s )  = 2 5 . 6 + 1 . 0
N Ht(cm) Wt(kg)  % F a t  LBWt(kg)
OF 5 1 7 6 . 3 + 2 .9  7 4 . 5 + 5 . 5  1 0 . 7 + 0 .9  6 6 . 7 + 4 .5
MD 2 1 7 5 . 0 + 2 .9  7 7 - 3 + 3 . 6  1 0 . 6 + 2 .3  6 9 . 1 + 4 .9
DF 9 1 7 6 . 0 + 1 .9  7 3 . 6 + 1 . 8  8 . 1 + 1 . 2  6 7 . 5 + 1 .7
GK 2 1 7 8 . 0 + 2 .2  8 6 . 4 + 4 . 5  1 3 . 3 + 0 .0  7 5 . 1 + 3 .8
T o t a l  18 1 7 6 . 3 + 1 .2  7 5 . 7 + 1 . 9  9 . 6 + 0 . 7  6 8 . 3 + 1 .5
I I .  B e l l  & Rhodes  (1975 )  -  F i r s t  Team C o l l e g e
OF 16     14 .7  -----------
MD 18     14 .6  -----------
DF 20     1 4 .7  -----------
GK 7  - -   1 6 .9  --------------
T o t a l  61     1 4 .7  -----------
I I I .  P r e s e n t  S tu d y  (1984)  -  World C l a s s  S o c c e r  -  Mean Age ( Y r s )  = 2 4 . 7 + 3 . 5
OF 5 1 7 4 . 7 + 6 .9  7 2 . 0 + 6 . 6  9 . 2 + 3 . 0  6 5 - 3 + 6 .0
MD 4 1 6 8 . 0 + 4 .2  6 3 . 0 + 9 . 8  6 . 2 + 0 . 5  5 9 -2 + 9 .5
DF 8 1 7 2 . 6 ± 5 .5  6 7 . 3 ± 4 . 7  8 . 8 + 1 . 2  6 1 . 3± 3 .8
GK 2 1 7 0 . 0 + 2 .8  7 0 . 0 + 1 . 4  1 3 . 9 ± 0 .2  6 0 .3 ±1 .1
T o t a l  19 1 7 2 . 1 + 5 .7  6 7 . 9 ± 6 . 7  8 . 9 ± 2 . 7  6 1 . 8 + 5 .8
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r e p o r t e d  b y  W i t h e r s ,  e t  a l .  ( 1 9 7 7 )  o n  t h e  S o u t h  A u s t r a l i a n s  
(15 .7%) and B e l l  and Rhodes  ( 1 9 7 5 ) ,  who s t u d i e d  c o l l e g e  p l a y e r s  
(15-2%) P r o f e s s i o n a l  s o c c e r  p l a y e r s  (Raven,  e t  a l . ,  1976) and t h e  
I n d i a n  u n i v e r s i t y  s o c c e r  p l a y e r s  ( K a n s a l ,  e t  a l ,  1 9 8 0 )  r e v e a l e d  
c o m p a r a b l e  v a l u e s  o f  f a t  p e r c e n t a g e  t o  t h e  p r e s e n t  s t u d y  d a t a  
( 9 . 6 $  and 9 . 8 $ ,  r e s p e c t i v e l y )  ( T a b l e  7 ) .  T h e r e  i s  a n  a p p a r e n t  
r e l a t i o n s h i p  b e tw een  l e v e l  o f  p e r f o r m a n c e  and p e r  c e n t  f a t  v a l u e s .  
T h i s  m i g h t  be a t t r i b u t e d  t o  t h e  g r e a t e r  volumes o f  work and h i g h e r  
i n t e n s i t i e s  o f  t r a i n i n g  p ro g ram s  c h a r a c t e r i s t i c  o f  h i g h e r  l e v e l s  
o f  p l a y .  A s p i r a t i o n ,  m o t i v a t i o n ,  a n d  s e l e c t i o n  m i g h t  a l s o  be 
f a c t o r s ,  a s  w e l l  a s  d i f f e r e n c e s  i n  m e t h o d o l o g i c a l  p r o c e d u r e s  
i n v o l v e d .
The s t a r t e r s  i n  t h e  p r e s e n t  s t u d y  we re  s i g n i f i c a n t l y  o l d e r  
and had s i g n i f i c a n t l y  l o w e r  f a t  p e r c e n t a g e s  t h a n  t h e  s u b s t i t u t e s  
( T a b le  8 ) .  The s u b s t i t u t e s  were  s l i g h t l y  h e a v i e r  and t a l l e r .  The 
g r e a t e r  e x p e r i e n c e  o f  t h e  s t a r t e r s  i s  u n d e r s t a n d a b l e ;  t h e i r  
g r e a t e r  i n v o l v e m e n t  i n  t r a i n i n g  and " f r i e n d l y "  m a tc h e s  a s  w e l l  a s  
i n  more demanding and I m p o r t a n t  c o m p e t i t i o n s  c o u l d  a l s o  e x p l a i n  
t h e i r  l o w e r  p e r  c e n t  f a t  by h i g h e r  m e t a b o l i c  demands .
S omato tvpe
S o m a t o t y p e s  o f  a t h l e t e s  p r o v i d e  i n f o r m a t i o n  r e l a t e d  t o  t h e  
s t r u c t u r a l  r e q u i r e m e n t s  f o r  s u c c e s s  i n  t h e  s p e c i f i c  s p o r t  a s  w e l l  
a s  m e a s u r e s  o f  t h e  c h a r a c t e r i s t i c  d i f f e r e n c e s  b e t w e e n  s p o r t s
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T a b le  7
Means and S t a n d a r d  D e v i a t i o n s  o f  Body C o m p o s i t i o n  o f  S o c o e r  P l a y e r s
A g e ( y r s ) Ht(cm) Wt(kg) * F a t LBM(kg)
B e l l  & Rhodes  
(1975) 
C o l l e g e
1 5 .2
Raven,  e t  a l .
(1976)
P r o f e s s i o n a l
2 5 . 6 + 1 . 0 1 7 6 . 3±1 .2 7 5 . 7 + 1 . 9 9 . 6 ± 0 . 7 6 8 . 3 + 1 .5
W i t h e r s ,  e t  a l .  
(1977)  
A u s t r a l i a n
2 4 . 4 + 4 . 5 178.1+ 8.1 7 5 . 2 + 4 .9 1 5 . 7 + 2 .3
Novak,  e t  a l .
(1978)  
Olympic S o c c e r
2 4 . 8 t 1 .9 174.1+ 8 .1 7 1 . 8 + 6 .6 6 . 2 + 1 . 9 6 7 . 3 + 2 .6
K a n s a l ,  e t  a l .  
(1980)  
U n i v e r s i t y  L e v e l
1 6 9 .2 + 4 .8 5 5 .9 + 5 .1 9 . 8 + 2 . 4
P r e s e n t  S tu d y  2 4 . 7 + 3 . 5  1 7 2 . 1 + 5 .7  6 7 -9 + 6 .7  8 . 9 + 2 . 7  6 1 . 8 ± 5 . 8
(1984)
World C l a s s
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T a b le  8
Body C o m p o s i t i o n  o f  World C l a s s  S o c c e r  P l a y e r s  -  
Compar ison Among t h e  S t a r t e r s  and t h e  S u b s t i t u t e s
S u b j e c t s N A g e ( y r s ) Ht(cm) Wt(kg) ? F a t FFW(kg)
A l l 19 2 4 . 7 + 3 . 5 1 7 2 .1 + 5 .7 6 7 . 9 ± 6 . 7 8 . 9 + 2 . 7 6 1 . 8 + 5 .8
S t a r t e r s 9 2 6 . 9 + 3 .2 * 1 7 0 .2 + 5 .0 6 5 .8 + 7 .1 7 . 5 ± 1 . 6 * 6 0 . 8 ± 6 . 9
S u b s t i t u t e s 10 2 2 . 6 ± 2 . 4 1 7 3 . 9±6 .1 6 9 .8 + 6 .1 1 0 . 1 + 2 .9 6 2 . 7 + 5 .0
• S i g n i f i c a n t  a t  0 . 0 5  l e v e l .
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( C a r t e r  1 9 7 0 ) .  H i r a t a  ( 1 9 6 6 )  i n  h i s  s t u d y  o n  t h e  p h y s iq u e  o f  
Tokyo Olympic ch a m p io n s ,  p r e s e n t e d  e v id e n c e  on  t h e  i m p o r t a n c e  o f  
h e i g h t ,  w e i g h t  a n d  p h y s i q u e  o n  p e r f o r m a n c e .  He s u g g e s t e d  t h a t  
c o u n t r i e s  w i t h  p e o p le  whose g e n e r a l  p h y s i q u e  w as l i m i t e d  t o  t h e  
c h a r a c t e r i s t i c s  o f  cham pions  i n  c e r t a i n  e v e n t s  s h o u ld  c o n c e n t r a t e  
on th o s e  e v e n t s .
S o m ato ty p e  v a l u e s  f o r  d i f f e r e n t  s p o r t s  a r e  shown i n  F ig u r e  6 .  
E x a m in a t io n  o f  t h o s e  v a l u e s  r e v e a l e d  t h a t  t h e  l o w e s t  v a l u e s  i n  
e n d o m o rp h y  w e re  sh o w n  i n  t h e  O ly m p ic  d i s t a n c e  r u n n e r s  (T a n n e r ,  
1 9 6 4 ) ,  w h e re a s ,  t h e  San D iego  S t a t e  f o o t b a l l  p l a y e r s  s c o r e d  t h e  
h i g h e s t  v a l u e  ( C a r t e r ,  1 9 6 8 ) .  The K u w a i t i  s o c c e r  p l a y e r s  had 
e n d o m o r p h i c  v a l u e s  s i m i l a r  t o  t h o s e  o f  B r i t i s h  E m p i r e  G am es 
w r e s t l e r s  a n d  w e i g h t l i f t e r s  ( T a n n e r ,  1 9 6 4 ) .  M u s c u l a r i t y  o r  
mesomorphy was t h e  p r im a ry  c h a r a c t e r i s t i c  o f  t h e  w e i g h t l i f t e r s  and 
t h e  j u d o i s t s  ( T a n n e r ,  1 9 6 4 ;  F a r m o z i ,  1 9 8 0 ) .  The K u w a i t i  s o c c e r  
p l a y e r s ,  t h e  U .S .S .R .  b a s k e t b a l l  a t h l e t e s ,  t h e  O ly m p ic  d i s t a n c e  
r u n n e r s ,  a n d  t h e  I n d i a n  S t a t e  l e v e l  b a s k e t b a l l  p l a y e r s  had th e  
lo w e s t  v a l u e s  i n  m esomorphy. The U .S .S .R .  b a s k e t b a l l  p l a y e r s  a n d  
t h e  I n d i a n  S t a t e  l e v e l  b a s k e t b a l l  p l a y e r s  had t h e  h i g h e s t  s c o r e  i n  
e c tom orphy  and t h e  B r i t i s h  Em pire Games w e i g h t l i f t e r s  r e v e a l e d  t h e  
l o w e s t .  The m ean  o v e r a l l  s o m a t o t y p e s  sh o w ed  t h a t  t h e  K u w a i t i  
s o c c e r  p l a y e r s ,  t h e  Olympic swim m ers a n d  t r a c k  & f i e l d  a t h l e t e s  
( C u r e t o n ,  1 9 5 1 ) ,  a n d  t h e  B r i t i s h  E m p i r e  Games B o x e r s  ( C a r t e r ,
Figure 6. Means of Somatotype for Various Sports.
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0 1  - U.S.S.R. Basketball (Carter, 1970)
- Indian State Level Basketball (Sodhi, 1980)
- Judoist (Farmosi, 1980)
- San Diego Baseball (Imlay, 1966)
- World Cup Soccer (Present Study, 1984)
Elite Wrestlers (Tanner, 1964)
- Elite Weightlifters (Tanner, 1964)
| j - Elite Boxers (Carter, 1970)
- Olympic Swimmers (Cureton, 1951)
•/\ - San Diego State Football (Carter, 1968)
^ - Olympic Track & Field (Cureton, 1951)
[- Olympic Distance Runners (Tanner, 1964)
U.S.S.R. Gymnasts (Heath, 1963)
U.S. College "Nonathletes" (Carter, 1970)
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1970) w ere  a b o u t  t h e  same i n  body p h y s iq u e  and sh a p e  ( F i g u r e  6 ) .
Champion a t h l e t e s  w ere  c h a r a c t e r i z e d  by C a r t e r  ( 1 9 7 0 )  t o  be  
a b o v e  a n o rm a l  c o l l e g e  p o p u l a t i o n  i n  m u s c u l a r i t y .  S o m a to ty p es  o f  
a t h l e t e s  from  v a r i o u s  k i n d s  o f  s p o r t s  an d  a c o l l e g e  p o p u l a t i o n  
w e r e  c o m p a r e d .  T he c o l l e g e  s t u d e n t s  w ere  c h a r a c t e r i z e d  a s  b e in g  
more en dom orph ic  and l e s s  m esom orphic t h a n  t h e  cham pion  a t h l e t e s ,  
and th e y  f o l lo w e d  t h e  b a s k e t b a l l  p l a y e r s  i n  ec tom orphy  ( F i g u r e  6 ) .  
The s o m a to ty p e s  o f  t h e  p r e s e n t  s t u d y  i n d i c a t e d  t h a t  t h e  K u w a i t i  
t e a m  w as  co m p o se d  o f  m e s o m o rp h ic  a t h l e t e s  w i th  e q u a l  amount o f  
endomorphy and ec to m o rp h y  ( 2 . 1 - 4 . 5 - 2 . 1 )  ( F i g u r e  7 ) .  T h i s  f i n d i n g  
w a s  i n  a g r e e m e n t  w i t h  H i r a t a s '  ( 1 9 6 6 )  s t u d y  o n  T okyo  O ly m p ic  
s o c c e r  c h a m p i o n s .  He c h a r a c t e r i z e d  t h e  p h y s i q u e  o f  c h a m p io n  
s o c c e r  p l a y e r s  a s  r a t h e r  s m a l l  and a  l i t t l e  s t o u t .
E l i t e  t r a c k  and f i e l d  p l a y e r s ,  b o x e r s ,  and  b a s e b a l l  p l a y e r s  
h a v e  p h y s i q u e s  s i m i l a r  t o  t h o s e  o f  s o c c e r  a t h l e t e s  ( F i g u r e  6 ) .  
T h is  s u g g e s t s  t h a t  t h e  p h y s i c a l  d e m a n d s  f o r  t h e  a b o v e  m e n t i o n e d  
s p o r t s  a p p e a r  t o  b e  s i m i l a r .  E n d u r a n c e ,  s t r e n g t h ,  pow er, and 
a g i l i t y  may be i m p o r t a n t  f o r  s u c c e s s  i n  a l l  o f  t h e s e  e v e n t s .
T h e r e  w e r e  no  s i g n i f i c a n t  d i f f e r e n c e s  be tw een  t h e  s t a r t e r s  
and s u b s t i t u t e s  i n  s o m a to ty p e  ( F ig u r e  8 and T ab le  9 ) .  C om parisons 
by p o s i t i o n a l  g r o u p in g s  a l s o  r e v e a l e d  a s i g n i f i c a n t  d i f f e r e n c e  i n  
endomorphy be tw een  t h e  g o a l k e e p e r s  a n d  t h e  r e s t  o f  t h e  a t h l e t e s  
( F i g u r e  9 and  T a b le  9 ) .  The g o a l k e e p e r s  w ere  s i g n i f i c a n t l y  more
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Figure 7. Somatochart of the Kuwaiti World Cup Soccer Team.
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Figure 8. Comparison of the Somatotypes of the
Starters and the Substitutes of the Kuwaiti
World Cup Soccer Team.
5.0
Starters
Substitutes
Endomorphy Mesomorphy Ectomorphy
T a b l e  9
Somatotypes of Soccer Athletes - Starters, Substitutes, 
and Positional Group Differencesa
Subjects
Somatotype
All
N=18
Starters
N=8
Substitutes
N=10
Defensives
N=7
Midfielders
N=4
Offensives
N=5
Goalkeepers
N=2
Endomorphy
BT1
2.06±0.51 
(1.5-3.0)
1.7510.27 
(1.5-2.0)
2.3010.54 
(1.5-3.0)
2.0010.29 
(1.5-2.5)
1.6310.25 
(1.5-2.0)
2.1010.55 
(1.5-3.0)
3.0010.00* 
(3.0-3.0)
Mesomorphy
BT2
4.5010.69 
(3.5-5.8)
4.4410.67 
(3.5-5.0)
4.5510.74
(3.75-5.75)
4.1910.70 
(3.5-5.0)
4.6310.43 
(4.0-5.0)
4.4510.65
(3.75-5.25)
5.5010.35*
(5.25-5.75)
Ectomorphy
BT3
2.0810.75 
(1.0-3.5)
2.0010.71 
(1.0-3.0)
2.1510.82 
(1.0-3.5)
2.2910.39 
(2.0-3.0)
2.38+1.11 
(1.0-3.5)
1.9010.82 
(1.0-2.5)
1.2510.35 
(1.0-1.5)
a-Values are means ± standard deviation, the range are bracketed. 
*-Significant at 0.05 level.
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m u s c u l a r  t h a n  t h e  o f f e n s i v e  a n d  t h e  d e f e n s i v e  p l a y e r s .  The 
s o m a t o c h a r t  sh o w ed  t h a t  t h e  g o a l k e e p e r s  w e re  r a t e d  a s  b e i n g  
e n d o - m e s o m o r p h i c ,  t h e  m i d f i e l d e r s  a n d  t h e  d e f e n s i v e  p l a y e r s  a s  
e c to -m eso m o rp h ,  and  th e  o f f e n s i v e  p l a y e r s  a s  b a la n c e d  mesomorph.
T h e s e  c l a s s i f i c a t i o n s  a r e  c o n s i s t e n t  w i t h  p r e v i o u s l y  
d i s c u s s e d  a e r o b i c / a n a e r o b i c  dem ands, body c o m p o s i t io n  d i f f e r e n c e s ,  
a n d  c h a r a c t e r i s t i c s  o f  p l a y  by  p o s i t i o n .  S o m a t o t y p e s  o f  t h e  
K u w a i t i  World Cup s o c c e r  team  w ere  s u i t a b l e ,  b o th  by c o n s i d e r a t i o n  
o f  m e a su re s  t a k e n  p r e v i o u s l y  on s o c c e r  p l a y e r s  and o t h e r  a t h l e t e s ,  
and by a n a l y s i s  o f  t h e  demands o f  th e  s p o r t .
P r o f i l e  o f  Mood S t a t e s  and S t a t e - t r a i t  A n x ie ty  I n v e n to r y
M eans an d  s t a n d a r d  d e v i a t i o n s  f o r  P r o f i l e  o f  Mood S t a t e s  
(POMS) and S t a t e - t r a i t  A n x ie ty  I n v e n t o r y  (STAI) a r e  shown i n  T ab le  
1 0 .  A n a l y s i s  o f  d a t a  r e v e a l e d  t h a t  t h e  W o r ld  C l a s s  s o c c e r  
a t h l e t e s  were s i g n i f i c a n t l y  l e s s  d e p r e s s e d ,  t e n s e ,  a n d  c o n f u s e d  
t h a n  t h e  c o l l e g e  n o r m s ,  b u t  s i g n i f i c a n t l y  h i g h e r  o n  v i g o r  and 
a n g e r  f a c t o r s .  T h i s  f i n d i n g  was i n  a g r e e m e n t  w i t h  p r e v i o u s  
r e s e a r c h  o n  o t h e r  t y p e s  o f  a t h l e t e s  p a r t i c i p a t i n g  i n  r u n n i n g ,  
ju m p in g ,  s p r i n t i n g  and  c y c l i n g  ( H a g b e r g ,  e t  a l . ,  1 9 7 9 ;  M o rg an  & 
P o l l o c k ,  1 9 7 7 ;  4 T h o m a s ,  e t  a l . ,  1 9 8 3 )  e x c e p t  t h a t  t h e  a n g e r  
f a c t o r  o f  POMS i n  t h e  p r e s e n t  s tu d y  was c o n t r a d i c t o r y  t o  r e s u l t s  
f r o m  e a r l i e r  s t u d i e s  ( F i g u r e  1 0 ) .  The f i n d i n g  l e d  t h e  r e s e a r c h e r  
t o  s e e k  p o s s i b l e  e x p l a n a t i o n s .  One e x p l a n a t i o n  f o r  t h e  h ig h  an g e r
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Figure 9- Somatotypes of the Kuwaiti World Cup Soccer Players 
by Position Played.
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T a b l e  10
Profile of Mood States and State-Trait Anxiety of Soccer Players - 
Differences Between the Starters and the Substitutes
Anxiety Profile of Mood States
Subjects N State Trait TEN DEP ANG VIG FAT CON TMD
All Subjects 17 39.7
±8.1
41.8*
±5.9
10.4*
±3.4
7.6**
±6.1
14.8**
±4.6
24.4** 10.7 
±4.6 ±4.4
2.4**
±3.1
39.6
Starters 8 42.6
±8.4
43.0
±6.1
11.5
±2.7
8.9
±4.9
15.3
±3.7
26.0
±5.7
10.4
±4.5
4.0
±3.2
42.8
Substitutes 9 37.8
±7.8
41.1
±5.0
9.7
±3.8
6.4
±7.1
14.3
±5.4
22.9
±3.6
10.9
±4.5
4.4
±3.3
36.6
*Significant at 0.05 n Compared to college norms (Spielberger, et al., 1970; 
**Significant at 0.01S McNair, et al., 1971)
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Figure 10. Profile of Mood State in Various Sports.
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s t a t e  may b e  r e l a t e d  t o  a l l e g e d  i n a p p r o p r i a t e  t r e a t m e n t  o f  t h e  
p l a y e r s  by some o f  t h e  team  o f f i c i a l s j  a n o t h e r  f a c t o r  m i g h t  h a v e  
b e e n  t h e  l o n g  p e r i o d  o f  t im e  ( 2 . 5  m on ths)  t h a t  t h e  a t h l e t e s  s p e n t  
o u t  o f  t h e i r  c o u n t r y ,  away from hom e, f a m i l i e s ,  an d  b u s i n e s s e s ,  
b e i n g  i n v o l v e d  i n  s t r e n u o u s  f r i e n d l y  m a tc h e s  c o n t i n u o u s l y  w i th  
l i t t l e  o r  no  b r e a k s  o r  r e s t  i n t e r v a l s .  T h e  i n v e s t i g a t o r ' s  
p e r s o n a l  i n t e r v i e w s  w i t h  s o m e  o f  t h e  p l a y e r s  l e d  t o  t h e s e  
e x p l a n a t i o n s .  One p l a y e r  m e n t io n e d  how much he m is se d  h i s  f a m i l y  
a n d  c h i l d r e n ;  a n o t h e r  e x p r e s s e d  t h e  f i n a n c i a l  l o s s  h e  was 
e n c o u n te r i n g  w h i l e  b e i n g  i n  S p a i n .  F u r t h e r m o r e ,  many a t h l e t e s  
c o m p l a i n e d  a b o u t  t h e  u n a c c e p t a b l e  t r e a t m e n t  from  some o f  t h e  team 
o f f i c i a l s  t h a t  l e d  t o  t h e i r  a n g e r  a n d  h o s t i l e  f e e l i n g s .  F o r  
e x a m p l e ,  o n e  o f f i c i a l  l o s t  h i s  tem per and y e l l e d  a t  an  i m p o r t a n t  
s t a r t e r  s im p ly  b e c a u s e  t h e  p l a y e r  w an ted  t o  change t o  a n o t h e r  s i z e  
s h o r t s  p r i o r  t o  a  c r u c i a l  m atch  a g a i n s t  F r a n c e .  L a t e r  t h a t  same 
p l a y e r  was r e p l a c e d  b e c a u se  o f  h i s  p o o r  p e r f o r m a n c e .  T h e s e  a n d  
o t h e r  t y p i c a l  co a ch  v e r s u s  p l a y e r s  p ro b lem s  ( S t u r l e s i  & A n t o n e l l i ,  
1979) and i n t e r p e r s o n a l  c o n f l i c t s  among t h e  p l a y e r s  ( S a l v i n i  & 
A n t o n e l l i ,  1 9 7 9 )  m ay  h a v e  c o n t r i b u t e d  t o  t h e  n e g a t i v e  
p s y c h o l o g i c a l  e f f e c t s  on t h e  p l a y e r s ,  a n d  c o n s e q u e n t l y  h i n d e r e d  
t h e i r  p e r fo rm a n c e .
The F r a n c e  v e r s u s  K u w a i t  m a tc h  was c r u c i a l  f o r  b o th  team s,  
t h e  w i n n e r  t o  b e  q u a l i f i e d  f o r  t h e  n e x t  r o u n d ,  s o  t h e r e  w a s
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enorm ous p r e s s u r e  on p l a y e r s  from  b o th  3 i d e s .  T h a t  d a y ,  p ro m in e n t  
o f f i c i a l s  f r o m  n e i g h b o r i n g  c o u n t r i e s ,  i n  a d d i t i o n  t o  K u w a i t ' s  
o f f i c i a l s ,  v i s i t e d  t h e  Kuwait a t h l e t e s '  l o c k e r  room and bombarded 
them w i t h  g r e a t  p ro m is e s  and  e x p e c t a t i o n s  w hich  may h a v e  p r o v o k e d  
e x t r e m e  a r o u s a l .  The p l a y e r s  e n t e r e d  t h e  s o c c e r  f i e l d  w i t h  
a p p a r e n t  a n x i e t y  and t e n s i o n .  D u rin g  t h e  g am e, t h e  K u w a i t i  t e a m  
a p p e a r e d  c o n f u s e d ,  o f t e n  fo c u s e d  t h e i r  a t t e n t i o n  on t h e  r e f e r e e ' s  
d e c i s i o n s ,  and w ere  d e v a s t a t e d  d u r i n g  t h e  m a tch ,  l o s i n g  by a s c o r e  
o f  f o u r  t o  o n e .
I n  l o o k i n g  a t  t h e  Kuwait g ro u p  r e s u l t s  (T a b le  1 1 ) ,  we o b s e r v e  
t h a t  F ra n c e  l o s t  one t o  t h r e e  a g a i n s t  E n g la n d ,  w h e rea s  K uw ait l o s t  
z e r o  t o  o n e  a g a i n s t  t h e  s a m e  t e a m ,  a n d  b o t h  t i e d  w i t h  
C z e c h o s lo v a k ia .  From t h e s e  s c o r e s ,  i t  a p p e a r s  t h a t  t h e  K u w a i t i ,  
F r e n c h ,  a n d  t h e  C z e c h o s l o v a k i a n  team s  had p e r fo rm ed  on  much th e  
same l e v e l  b e f o r e  t h e  Kuw ait v e r s u s  F ra n c e  m a tch .  H ow ever ,  i t  i s  
i n t e r e s t i n g  t h a t  t h e  K u w a i t i  t e a m  l a c k e d  a  p r o f e s s i o n a l  
p s y c h o l o g i s t ,  w h i l e  b o th  t h e  F ren c h  and C z e c h o s lo v a k ia n  t e a m s  h a d  
s p o r t  p s y c h o l o g i s t s  w o r k i n g  w i t h  th e m  a n d  may have  b ee n  b e t t e r  
p r e p a r e d  p s y c h o l o g i c a l l y .  A s p o r t  p s y c h o l o g i s t  m e d i a t e s  i n  
m o m en ts  o f  c o n f l i c t ,  h e l p s  r e d u c e  c o m p e t i t i v e  a n x i e t y ,  and makes 
t h e  b u s i n e s s  o f  co m p e t in g  a  p l e a s u r a b l e  one (Hogg, 1980; S a l m e l a ,  
e t  a l . ,  1 9 7 9 ) .  M anagers  and co a ch es  s h o u ld ,  t h e r e f o r e ,  u n d e r s ta n d  
t h e  im p o r ta n c e  o f  p s y c h o lo g y  t o  en h a n ce  t h e i r  l e a d e r s h i p  and t h e i r
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Table 11
The Results of the Kuwaiti Group in 
the 1982 World Cup Championship
Teams England France Czechoslovakia Kuwait
England 3/la 2/0 1/0
France l/lb 1/1 4/1
Czechoslovakia 0/0 0/0 1/1
Kuwait 0/1 0/2 0/1
Points 6 3 2 1
a-Upper level shows the final scores. 
b-Lower level shows the first half scores.
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r e l a t i o n s h i p  w i t h  t h e  p l a y e r s ,  t o  s a f e g u a r d  th e  p l a y e r s 1 m e n ta l  
h e a l t h ,  and  t o  c r e a t e  a  p r o p e r  a tm o sp h e re  f o r  o p t im a l  p e r f o r m a n c e  
( A n t o n e l l i ,  1 9 7 9 ) .
C h a m p i o n  a n d  t o p  l e v e l  a t h l e t e s  t h a t  h a v e  b e e n  s t u d i e d  
(H a g b e rg ,  e t  a l .  , 1 9 7 9 ;  M o rg a n ,  1 9 7 9 ;  M o rg an  & P o l l o c k ,  1 9 7 7 ;  
Thom as e t  a l . ,  1 9 8 3 )  h a v e  b e e n  o v e r w h e l m i n g ly  c h a r a c t e r i z e d  a s  
b e in g  more v ig o r o u s  t h a n  t h e  norm al n o n - a t h l e t e s .  The w o rld  c l a s s  
s o c c e r  p l a y e r s  f r o m  K u w a i t  w e re  no  d i f f e r e n t ,  and i n  f a c t  were 
e x c e p t i o n a l l y  h i g h  i n  t h i s  c h a r a c t e r i s t i c .  T h e i r  lo w e r  c o n f u s i o n  
s c o r e  m i g h t  b e  r e l a t e d  t o  t h e  c l e a r  common g o a l  -  t h e  World Cup 
C ham pionsh ip .
E v e r y  s p o r t  h a s  p s y c h o l o g i c a l  p ro b le m s ,  b u t  t h o s e  o c c u r r i n g  
i n  s o c c e r  a r e  more f r e q u e n t  and s e r i o u s ,  p a r t i c u l a r l y  a t  t h e  e l i t e  
l e v e l .  A n t o n e l l i  ( 1 9 7 9 )  a t t r i b u t e d  t h e  m a s s  m e d i a ,  f a n s ,  
s o c io - e c o n o m ic a l  f a c t o r s ,  and s p o r t  and n o n - s p o r t  m o t i v a t i o n s  t o  
i n c r e a s e d  s o c c e r  p r o b l e m s .  The F r e n c h  d e l e g a t i o n  engaged  i n  a 
s u b t l e  p s y c h o l o g i c a l  w a r f a r e  b e f o r e  t h e i r  m a tc h  a g a i n s t  K u w a i t .  
An e x a m p le  was t h a t  t h e y  announced  t h a t  th e y  e x p e c te d  t h a t  Kuwait 
and E ng land  would re m a in  i n  c o n t e n t i o n  a f t e r  t h e  f o l l o w i n g  r o u n d .  
M o r e o v e r ,  a  s t a t e m e n t  t h a t  t h e  F re n c h  co ach  had s u b s t i t u t e d  f o r  
f i v e  s t a r t e r s  gav e  t h e  i m p r e s s i o n  t h a t  t h e  F r e n c h  t e a m  w as n o t  
p r e p a r e d  a n d  t h a t  t h e y  h ad  i n t e r n a l  p r o b l e m s .  T h i s  l e d  o t h e r  
p l a y e r s ,  o f f i c i a l s ,  m ass m e d ia ,  and th e  f a n s  t o  e x p e c t  a  w in  f ro m
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K u w a i t .  C o n s e q u e n t l y ,  t h e  K u w a i t i  t e a m  w as  p s y c h o l o g i c a l l y  
c o n v in c e d  t h a t  t h e y  would w in  t h e  m atch  e a s i l y .  However, t h i s  was 
n o t  t h e  c a s e  a s  t h e y  w ere  c o n f r o n t e d  w i th  an o b v i o u s l y  c o n f i d e n t ,  
a g r e s s i v e ,  w e l l  p r e p a r e d  F re n c h  te am ,  t h e r e b y  c r e a t i n g  c o n f u s i o n  
and a n x i e t y .  The F re n c h  team  s u b s e q u e n t l y  ad v an ced  t o  t h e  q u a r t e r  
f i n a l s  and l o s t  t o  Germany i n  o v e r t im e .
S o c c e r  p l a y e r s  r e v e a l e d  t h e  h i g h e s t  s t a t e  and t r a i t  a n x i e t y  
l e v e l  when com pared w i th  r u n n e r s ,  s p r i n t e r s ,  j u m p e r s  an d  c o l l e g e  
n o rm s  ( F i g u r e  1 1 ) .  S o c c e r  p l a y e r s ,  ju m p e rs ,  and c o l l e g e  s t u d e n t s  
showed h i g h e r  t r a i t  a n x i e t y  t h a n  s t a t e  a n x i e t y ,  w h e rea s  s p r i n t e r s  
and r u n n e r s  w ere  t h e  r e v e r s e .
The s t a r t e r s  w ere  h i g h e r  i n  b o th  s t a t e  and t r a i t  a n x i e t y  t h a n  
t h e  s u b s t i t u t e s ,  t h e  s t a t e  a n x i e t y  b e in g  more p r o n o u n c e d  ( F i g u r e
1 2 ) .  B e c a u s e  o n l y  two p l a y e r s  w ere  a l lo w e d  t o  s u b s t i t u t e  d u r i n g  
t h e  e n t i r e  m a tch ,  t h e r e  was l e s s  b u rd e n  upon t h e  s u b s t i t u t e s  a n d  
t h e y  r e v e a l e d  a  b e t t e r  p s y c h o l o g i c a l  s t a t e  t h a n  d id  t h e  s t a r t e r s .  
T h is  was i l l u s t r a t e d  by c o n s i s t e n t  d i f f e r e n c e s  i n  e a c h  c a t e g o r y  o f  
POMS ( F i g u r e  1 2 )  a s  w e l l  a s  b y  s t a t e  a n d  t r a i t  a n x i e t y  
d i f f e r e n c e s .
By s u b d i v i d i n g  t h e  t e a m  i n t o  p o s i t i o n a l  g r o u p in g s  ( F i g u r e
1 3 ) ,  i t  was fo u n d  t h a t  t h e  o f f e n s i v e  p l a y e r s  s c o r e d  lo w er  i n  t r a i t  
a n x i e t y ,  t e n s i o n ,  d e p r e s s i o n ,  a n g e r ,  and c o n f u s i o n .  T h i s  may have 
been  due t o  t h e  n a t u r e  o f  t h e i r  t o u g h  m in d e d  r o l e s  w h ic h  dem and
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igure 11. State-Trait Anxiety Comparison of Various Sports.
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12. Profile of Mood States and State-Trait Anxiety
Differences Between the Starters and the Substitutes 
of the Kuwaiti World Cup Soccer Players.
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igure 13. State-Trait Anxiety and Profile of Mood States
Comparison of the Kuwaiti Soccer Team by Position.
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p s y c h o l o g i c a l  r e a d i n e s s  t o  s c o r e .  As o n e  m i g h t  e x p e c t ,  
g o a l k e e p e r s  had  t h e  h i g h e s t  s t a t e  and t r a i t  a n x i e t y  l e v e l s .  T here  
w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t r a i t  a n x i e t y  a n d  c o n f u s i o n  
b e t w e e n  t h e  g o a l k e e p e r s  a n d  t h e  o f f e n s i v e  p l a y e r s ,  b u t  no  
s i g n i f i c a n t  d i f f e r e n c e  a p p e a r e d  among t h e  o t h e r  p o s i t i o n s .  
G o a lk e e p e r s  f e e l  a  g r e a t  r e s p o n s i b i l i t y  t o  p r e v e n t  b e i n g  s c o r e d  
u p o n ,  a n d  t h e i r  e r r o r s  a r e  o f t e n  more v i s i b l e  and  a lm o s t  a lw ay s  
m ore  c r i t i c a l  t h a n  t h o s e  o f  o t h e r  p l a y e r s .  The m i d f i e l d e r s ,  
d e f e n s i v e s ,  a n d  t h e  g o a l k e e p e r s  showed h i g h e r  t r a i t  a n x i e t y  t h a n  
s t a t e  a n x i e t y ,  and t h e  o f f e n s i v e  p l a y e r s  had  h i g h e r  s t a t e  a n x i e t y .  
Any e x p l a n a t i o n s  o f  t h e s e  d i f f e r e n c e s  w o u ld  n e c e s s a r i l y  be 
c o n j e c t u r a l .
POMS f a c t o r s  c o m p a r i s o n  o f  s c o r e s  d u r i n g  v e r s u s  18 m onths 
a f t e r  t h e  World Cup games ( F i g u r e  1*0 r e v e a l e d  s i g n i f i c a n t l y  lo w er  
t e n s i o n  f a c t o r  a t  t h e  seco n d  t e s t i n g  p e r i o d .  The p l a y e r s  a f t e r  th e  
games w ere  l e s s  t e n s e  b e c a u se  o f  t h e  r e d u c t i o n  o f  p r e s s u r e  i n  l e s s  
i m p o r t a n t  c o m p e t i t i o n s .  M o re  i n t e r e s t i n g l y ,  t h e  a n g e r  
c h a r a c t e r i s t i c  o f  t h e  p l a y e r s  was s i g n i f i c a n t l y  r e d u c e d  i n  t h e  
p o s t  W o r ld  Cup t e s t  com pared t o  d u r i n g  t h e  World Cup. T h i s  m igh t  
be e x p l a i n e d  by t h e  l e s s  s t r e s s f u l  t r e a t m e n t  by c o a c h e s  an d  o t h e r  
o f f i c i a l s ,  a n d  by  b e i n g  b a c k  w i t h  t h e i r  f a m i l i e s ,  p e e r s ,  an d  
b u s i n e s s e s .  No s i g n i f i c a n t  d i f f e r e n c e s  a p p e a r e d  i n  d e p r e s s i o n ,  
v i g o r ,  f a t i g u e ,  o r  c o n f u s io n  f a c t o r s  be tw een  th e  two t e s t s .
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Figure 14. Comparison of Profile of Mood States During and Post 
the World Cup Soccer Games of the Kuwaiti Team.
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Summary and  C o n c lu s io n s
M em bers  o f  t h e  1982  K u w a i t  W o r ld  Cup S o c c e r  Team e x h i b i t e d  
m o d e r a t e ly  h ig h  a n a e r o b i c  ( 1 1 9 . 6  k g - m / s e c  1 ) an d  a e r o b i c  ( 5 1 . 9  
m l / k g - m i n -1  ) p o w e r ,  b o t h  v a l u e s  b e i n g  i n  t h e  m i d - r a n g e s  f o r  
w o r l d - c l a s s  a t h l e t e s  i n  g e n e r a l .  R e l a t i v e  b o d y  f a t n e s s  (8.9S>)» 
low when compared t o  t h e  no rm al p o p u l a t i o n ,  was s i m i l a r  t o  t h a t  o f  
o t h e r  a t h l e t e s  p a r t i c i p a t i n g  i n  t e a m  s p o r t s  i n  h i g h - l e v e l  
c o m p e t i t i o n .  The team was c h a r a c t e r i z e d  by a  b a l a n c e d  m esom orphic 
so m a to ty p e  ( 2 . 1 —4 . 5 —2 . 1 ) .  As e v a l u a t e d  by  POMS, a t h l e t e s  a r e  
g e n e r a l l y  m o re  v i g o r o u s  t h a n  n o n a t h l e t e s .  The K u w a i t i  s o c c e r  
p l a y e r s  w ere  no d i f f e r e n t ,  e x c e p t  f o r  s c o r i n g  s i g n i f i c a n t l y  h i g h e r  
on  t h e  a n g e r  f a c t o r .  On f o l l o w u p  t e s t i n g  18 m o n th s  a f t e r  th e  
W o r ld  Cup G am es,  t h i s  f a c t o r  w a s  d e t e r m i n e d  t o  b e  n o r m a l .  
F i n a l l y ,  a c c o r d i n g  t o  r e s u l t s  o f  ST A I, t h e  K u w a i t i  t e a m  w as 
c h a r a c t e r i z e d  a s  b e in g  h ig h  i n  b o th  s t a t e  and  t r a i t  a n x i e t y ,  e v e n  
w h e n  c o m p a r e d  t o  o t h e r  a t h l e t e s .  T h e r e  w e r e  no  s i g n i f i c a n t  
c o r r e l a t i o n s  be tw een  p h y s i o l o g i c a l - a n a t o m i c a l  a n d  p s y c h o l o g i c a l  
d a t a .
S e v e r a l  s i g n i f i c a n t  d i f f e r e n c e s  a p p e a r e d  when a n a l y s i s  by 
p l a y i n g  p o s i t i o n  wa3 a c c o m p l i s h e d .  Compared t o  p l a y e r s  a t  o t h e r  
p o s i t i o n s ,  g o a l k e e p e r s  h a d  l o w e r  a e r o b i c  pow er, h ig h  a n a e r o b i c  
p o w e r ,  a  h i g h e r  p e r c e n t a g e  o f  b o d y  f a t ,  h i g h e r  m e s o m o r p h i c  
c o m p o n e n t s ,  a n d  b o t h  h i g h e r  s t a t e  an d  t r a i t  a n x i e t y  l e v e l s .
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M i d f i e l d e r s  w e re  t h e  l e a n e s t  p l a y e r s  and had t h e  h i g h e s t  a e r o b i c  
p o w e r .  O f f e n s i v e s  e x h i b i t e d  t h e  l o w e s t  l e v e l s  o f  t e n s i o n ,  
d e p r e s s i o n ,  a n g e r ,  c o n f u s i o n ,  a n d  t r a i t  a n x i e t y .  The p r im a ry  
d i f f e r e n t i a t i n g  c h a r a c t e r i s t i c  o f  d e f e n s i v e s  was a  h ig h  a n a e r o b i c  
p o w e r ,  c o m p a r a b l e  t o  t h a t  o f  t h e  g o a l k e e p e r s .  Compared t o  th e  
s u b s t i t u t e s ,  s t a r t e r s  were s i g n i f i c a n t l y  o l d e r ,  l e s s  f a t ,  and were 
h i g h e r  i n  b o th  s t a t e  and t r a i t  a n x i e t y .
I n  c o n c l u s i o n ,  i t  w o u ld  a p p e a r  t h a t  t h e  s t r u c t u r a l  a n d  
f u n c t i o n a l  m easu re s  ta k e n  f o r  t h i s  s tu d y  i n d i c a t e  t h a t  t h e  K u w a i t i  
Team h a d  a p p r o p r i a t e  p o t e n t i a l  f o r  W o r l d  Cup c o m p e t i t i o n .  
E x c e s s i v e l y  h ig h  s t a t e  a n x i e t y ,  t r a i t  a n x i e t y ,  and a n g e r  i n d i c a t e s  
l e s s  t h a n  o p t im a l  p s y c h o l o g i c a l  p r e p a r a t i o n  f o r  t h e  t a s k .  I t  i s  
t h e r e f o r e  recommended:
1 .  t h e  s t r u c t u r a l  a n d  f u n c t i o n a l  c h a r a c t e r i s t i c s  o f  w o rld  
c l a s s  s o c c e r  p l a y e r s  be v a l i d a t e d  b y  m a k in g  s i m i l a r  m e a s u r e s  on  
one o f  t h e  o u t s t a n d i n g  E u ro p ean  World Cup Teams.
2 .  t h a t  d e t e r m i n a t i o n s  o f  s k e l e t a l  m u s c l e  f i b e r  t y p e s ,  
b i o c h e m i c a l  c h a r a c t e r i s t i c s ,  a n d  m o re  s o p h i s t i c a t e d  a n a t o m i c  
a n a l y s e s  be c a r r i e d  o u t  t o  f u r t h e r  e x te n d  know ledge o f  t h e  m akeup  
o f  w o r ld  c l a s s  s o c c e r  a t h l e t e s .
3 .  t h a t  such  f u t u r e  s t u d i e s  s h o u ld  i n c l u d e  an  e x a m in a t io n  o f  
a  b r o a d e r  s p e c t ru m  o f  p s y c h o l o g i c a l  v a r i a b l e s .
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4 .  t h a t  f o r  w o r l d  c l a s s  c o m p e t i t i o n ,  a n  e x e r c i s e  
p h y s i o l o g i s t  and  a  s p o r t  p s y c h o l o g i s t  be i n c l u d e d  a s  a n  i n t e g r a l  
p a r t  o f  a  m u l t i d i s c i p l i n a r y  management team .
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